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I. IIJTRODUCTIOK 
The a-euBiino-p-hydroxy acid, p-phenylserine, is closely-
related In a structural sense to the naturally occurring amino 
acids, serine, phenylalanine and threonine. Phenylserine has 
not been demonstrated as a constituent of proteins. However, 
its chemical reactivit^r, in conjixnction with the conditions 
customarily employed for proteolysis and for isolation of the 
resultant amino acids, would render such a task difficult. 
Phenylserine has recently attracted attention in the 
microbiological field by virtue of its properties as an anti­
metabolite, The simultaneous finding in several laboratories 
that the compound is an admirable synthetic precursor for the 
antibiotic, chloramphenicol, is not unrelated. In another 
direction, there are Increasing indications that phenylserine, 
or, more closely, its 3,i^-dihydroxy derivative may be involved 
actively in the biosynthesis of adrenaline. These varied 
featixres raake phenylserine, its derivatives and its analogues 
of worthwhile concern from the chemical, pharmaceutical and 
biological standpoints. 
Due to the presence of two asymmetric centres in its 
molecule, phenylserine can theoretically exist as two diaster-
eomeric pairs of enantiomorphs, Although one diastereomer has 
been well known for the past six decades, the existence of 
the other has been the subject of much contention. Some of the 
synthetic methods which have been employed may lead not only to 
phenylserine, but also to the a-hydroxy-p-amino acid, phenyliso-
serine, thus further complicating the stereoisoraeric picture. 
The confusion in the phenylserine literature is increased by 
the frequently inadequate characterization of starting compounds 
and products in respect to both purity and steric form. Similar 
xmcertainty surrounds the materials which have been used In 
past biochemical studies. 
A rapidly growing interest in this field is reflected in 
the appearance of as many publications during the past three 
years as in the preceding half century. In this light, the 
need is evident for a comprehensive review dealing with all 
phases of phenylserine chemistry which have been studied in 
the past. As part of this thesis, an attempt to meet this 
demand has been made. Particular attention has been given to 
reported findings of a controversial or dubious nature, and, 
where apparent, points meriting reinvestigation or potential 
areas for new research have been indicated. 
The initial purpose of the investigation described in the 
present thesis was to effect the synthesis of racemic chloram­
phenicol from phenylserine, and then to attempt the prepara­
tion of analogues of possible chemotherapeutic value. The 
first objective had been successfully attained when the interest 
of several industrial groups in the same problem became clearly 
- 3 -
manifested. To avoid undesirable duplication of effort, 
attention was turned to the disputed phenylserine diastereomer, 
a derivative of which was fortuitously encountered during 
earlir work on synthesis of the antibiotic. After the identity 
and sterlc configuration of this compound had been conclu­
sively established, an analytical method was sought by which 
it could b© readily distin/rtuished from the well-known phenyl-
serine. With this in hand, it was possible to investigate 
conditions in synthesis which governed the ratio of the two 
phenylserine diastereomers produced, and thus to shed some 
light on the mechanism of reaction. A method for separating 
the diastereomers in isomerically pure form followed. Finally, 
the preparation of derivatives suitable for enzymlc resolution 
was undertaken, since the four Individual enantiomorphs thus 
to be obtained are of considerable interest for future bio­
chemical studies. 
II. REVIE?« OP LITERATURE 
A. Methods of Synthesis 
1. Condenaation of aromatic aldehydes and p.lycine derivatives 
The feasibility of reacting benzaldehyde with glycine 
became of concern during a period \i7hen the Perkin type con­
densation was receiving considerable attention. Curtius and 
Lederer (1) noted formation of benzjlaralne and carbon dioxide 
upon heating the two substances at 130®. P15chl (2) observed 
reaction in presence of acetic anhydride, but was unable to 
obtain a discrete product. Although these studies provided 
clear evidence of reaction capability, the need was apparent 
for less drastic conditions to permit isolation of interme­
diate products. 
Erlenmeyer (3,^}-) found that benzaldehyde readily con­
densed with glycine vinder influence of sodium hydroxide in 
aqueous ethanol. Rapid clarification of the initially formed 
emulsion, attended by slight warming, was succeeded by 
clouding and formation within thirty minutes of a crystalline 
(1) T. Curtius and G. Lederer, Ber., 19» 2l|62 (1886). 
(2) J. P15chl, Ber.. 1^, 2815 {W3h 
(3) S. Erlenmeyer, Jr., Ber.. 2^. 3^1-45 (1892). 
(Ij.) S. Brlenmejrer, Jr., and E. Priihstuck, Ann., 28Ij-. 36 {l89if). 
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paste, which set completely solid after several hours. V/hen 
this material was filter pressed and washed repeatedly with 
warm ethanol, the alcohol-insoluble sodium salt of N-benzal-
phenylserine was obtained. 
Prom the ethanol washings was isolated N-benzalisodiphenyl-
hydroxyethylamine, a substance which constituted the main 
reaction product when three instead of two moles of benzal-
dehyde were reacted with one mole of glycine (1); in this 
case, small amounts of the more soluble isomeric N-benzaldi-
phenylhydroxyethylamine also were recovered from the alcoholic 
mother liquors. The free racemic bases, isodiphenylhydroxy-
ethylamine, m.p. 129°, and diphenylhydroxyethylamine, m.p. 
163°, were readily obtained on acid treatment of the benzal 
adducts, and were well characterized by detailed investiga­
tion (2). As a result of interest in their morphine-like 
properties, these compounds have been further investigated 
recently (3). 
The sodium salt of N-benzalphenylserine was recrystal-
lized from hot water with only slight attendant 
(1) ii, Srlenmeyer, Jr., Ann.. 307. 70 (I899). ( 2 )  
( 3 )  
- 6 • 
decomposition (1)* Treatment with acetic anhydride in the 
cold gave a-acetamidocinnamic acid, together with 0-acetyl-
N-benzalphenylserine, m.p. 169-170° (dec.), the latter being 
further characterized as its crystalline sodium salt. Trans­
formation of N-benzalphenylserine sodium to benzalisodiphenyl-
hydroxyethylamine occurred upon treatment with more benzal-
dehyde and sodium hydroxide. Free l-benzalphenylserine was 
not prepared, since cold acids split out benzaldehyde thereby 
liberating phenylserine. 
The following sequence was offered to explain formation 
of phenylserine (2): 
GHg'COOH 
C^II^.CHO + HgK 
benzaldehyde glycine 
•CIiOH*CHNHo*GOOH 
phenylserine 
NaOH 
HOAc 
-C^H^GHO 
CHg *00011 
benzalglyclne (as Na salt) 
C?IO NaOH 
C^H^'CHOH'GH'GOOH 
G£jH^*CHaN 
benz alphenylser ine 
(as Na salt) 
The first intermediate, the sodium salt of benzalglyclne, was 
presumed too soluble to permit its isolation prior to further 
(1) E. Erlenmeyer, Jr., and E. Fruhstiick, Ann.. 28k, 36 {I89I4.). 
(2) E. Erlenmeyer, Jr., Ann.. 307. 70 (1897TT ^ 
reaction (1). With long reaction time, or with excess benzal-
dehyde present, an alternative reaction path was followed, 
due to tautomerisra of this adduct (2)J 
•CH=N*CHo«COOH 
-CH.N'GH C6H5 
I 
+ OCH'COOH 
glyoxylic 
acid 
CHO 
benzalisodiphenyl-
hydroxyethylamine 
HOAc GliO 
isodiphenylhydroxy-
ethylamine 
\NaOH 
noAc^ 
COOH 
' I 
COOH 
oxalic acid 
(isolated as 
Ca salt) 
C5H^«CH2*N=CH*C00H 
C^H^'CHO NaOH 
C£,H^*CH.N=GH.C00H 
CH5OH 
I ^ 
COOH 
glycolic 
acid 
Evidence for participation of the tautomer was provided by 
isolation, from a partially reacted condensation mixture, of 
benzylaxsiine (2), which was also formed on heating isodiphenyl* 
hydroxyethylamine at 130° or higher (2,3)• Thus two alterna­
tive sources were provided for benzylamine noted in studies 
of Curtius and Lederer (1|). However, efforts to prepare the 
(1) S. Srlenmeyer, Jr., Ann.. 337, 205 (19014-). 
(2) E. Erlenmeyer, Jr., Ann., 3O7, 70 {I899K 
(3) S. Erlenmeyer, Jr., Ber., 2^, I866 (1895)• 
(4) T. Curtius and G. Lederer ,"^er., 19« 2i!-D2 (I686), 
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tautoiaer from benzylamine and glyoxylic or dichloroacetlc acid 
were unsuccessful (1). 
Phenylserine, thus prepared, crystallized from ethanol-
water as shimmering colorless plates of the monohydrate, 
m.p. 192-193® (dec.) (2), 193-194® (dec.) (3). Drying at 
100® gave the anhydrous amino acid, m.p. 195-19^® (dec.) (1,2), 
190® (dec.) (3), poorly soluble in water and Insoluble in 
alcohol. It formed a hydrochloride (not characterized) and a 
poorly soluble violet copper salt. 
Treatment of phenylserine with acetic or benzoic anhy­
drides yielded the corresponding "lactimide" (azlactone), 
initially formulated as a diketopiperazine (2) or as an 
a-lactam (3)J 
Ac 
I 
C^H^.CH^C C«0 C£,H^*CH=«C~C=0 
I Ac 
Ac 
This was converted by action of alkalies to the acylamido-
cinnamic acid, which on prolonged basic hydrolysis decomposed 
to ammonia and phenylpyruvic acid (3): 
(1) E. Erlenmeyer, Jr., Ann., 307. 70 (1899). 
(2) E. Erlenmeyer, Jr., Ber., 2^. 3'-i45 (1892). 
(3) E. Erlenmeyer, Jr., and E. Fruhstxick, Ann., 28k, 36 
(1891^-). " 
G^^H^'GHOH'CMHg'COOH 
C^H^'CHg'CO'COOH 
Repetition of Plochl's work (1) also gave an aalactone (2). 
With nitrous acid, phenylserine gave a solution which appeared 
to contain phenylglycoric acid (2), w:jereas, on heating with 
dilute sulfuric acid, the molecule was decarboxylated and 
rearranged to phenylacetaldehyde (3). These reactions sub­
stantiated the structure postulated for phenylserine. 
Early attempts to isolate the second expected diaster-
eomar"'^ of phenylserine were unsuccessful {2)« On a later 
occasion (3)» the mother liquor from acetic acid cleavage of 
a large batch of benzalphenylserlne sodium was slowly evap­
orated during some weeks at room temperature to a crystal 
mass. Fractional solution of sodium acetate present, and 
^ This compound is denoted henceforth in this manuscript 
as allophenylserine, not only to avoid confusion in 
nomenclature, but also for reasons set forth on 
p. 178• 
(1) J. Plochl, Bw., 16, 2815 (1883). 
(2) E. Erlenmeyer, Jr., and S. Pruhstiick, Ann., 28L, 36 {l89ij-)« 
(3) E. Erlenmeyer, Jr., Ann.. 30?. 70 (lo9WT 
AcgO 
^ G/Hk-CH=C—c«o 
'6^5 
NaOH 
HGl 
NaOH 
G —CH3 
C^H^-CH«C-COOH 
NH'Ac 
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crystallization of the residue from ethanol-water led to 
shining colorless needles of a monohydrated hydroxyamino acid. 
Drying at 100® caused slight decomposition, with some 
yellowing. Erlenmeyer mentioned that melting occurred at 
188° (dec.)# without specifying whether hydrated or anhydrous 
material was used, and cited no elementary analyses for 
either. Warming with acetic anhydride gave a "lactimide", 
but in insufficient quantity for characterization. The 
copper salt differed considerably from that of the earlier 
described phenylserine in forming bright blue small plates, 
approximately eight times more soluble in water. Concentra­
tion of the above mother liquor on a water bath caused 
extensive decomposition, to which fact Erlenmeyer attributed 
his earlier failure to isolate the new amino acid. 
On the basis of comparative solubilities and ease of 
crystallization, phenylserine and isodiphenylhydroxyethyl-
amine were considered to possess the same steric configura­
tion as racemic tartaric acid, l.e« by modern terminology, 
threo, whereas allophenylserine and diphenylhydroxyethylamine 
were related to mesotartarlc acid, i.e. erythro configtira-
tion (1). At that time, these contentions lacked adequate 
experimental foundation. 
The factors operating in glycine-benzaldehyde 
(1) E. Erlenmeyer, Jr., Ann.. 307. 70 (1899) 
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condensation, which led to fomation of the phenylserine or 
diphenylhydroxyethylamine diastereomers in quite unequal 
asnounts, were of interest to Erlenraeyer. Size, nature, 
distribution and orientin;; influence of other substituent 
groups in the reacting molecules were postulated to be of 
vital import. The formation of a particular isomer was 
reasoned to depend not on the structure of the product, but 
rather on the natiire of the starting materials, and the con­
ditions under which they reacted. It followed that failure 
to secure a specific sterlc form by one route did not 
necessarily preclude its existence, but instead suggested 
the value of search for an alternative path to the desired 
product. These views are of interest because of their 
accord with modern organic chemical theory and practice. 
Erlenmeyer was unable to generalize the benzaldehyde-
glycine condensation as a method of preparation for a-amino-
p-hydroxy acids (1). Other amino acids, such as phenylalanine, 
tyrosine, leucine and aspartic acid, gave \'/ith benzaldehyde 
only the corresponding a-keto acid and isodlphenylhydroxy-
ethylamine (2), v/ith no isolable trace of phenylserine 
analogue. 
KaOH 
R'CmJils'COOH + 2C£JK^GH0 ^R«GO*GOOH + C^K^.CHOH'GHirdg'G^H^ 
(1) B. Erlenmeyer, Jr., and E. Priihstuck, Ann., 28k, 36 (iSQlj-). 
(2) E. Erlenmeyer, Jr., Ann., 307. 70 337. 203' {19o4); 
Ber.. 2890 Tnr97). 
- 12 -
Aliphatic aldehydes condensed with thornselves rather than 
with glycine. Other aromatic aldehydes were equally disap­
pointing in behavior, Salicylaldehyde and vanillin did not 
react, presiimably due to interference by the anionic phenoxide 
hydroxyl group. Anisaldohyde, cuminol and piperonal yielded 
very small amounts of hydroxyamine base, but no a-araino-p-
hydroxy acid. 
Only £-methoxybenzaldehyde showed reactivity towards 
glycine comparable to that of benzaldehyde (1). Condensation 
proceeded more slowly, probably due to steric hindrance, and 
separation of the two benzal adducts required more care. The 
interraediate K-benzal-£-methoxyphenylserine sodium salt was 
derivatized as the monohydrated 0-acetyl compound, m.p« 216° 
(dec.). o-J^lethoxyphenylserine monohydrate, iridescent 
plates, m.p. 179° (dec.), and di-(£-methoxyphenyl)-hydroxy-
ethylamine, m.p. 136°, each were isolated in only one diaater-
eomeric form, the proportion varying with condensation time. 
The former was characterized as the hydrochloride, a grey-blue 
copper salt and as the acetamido azlactone, m.p. 156®. 
A slightly different approach in phenylserine chemistry 
commenced with the studies of Rosenmund and Dornsaft (2), who 
sought a general method of synthesis for a-amino-p-hydroxy 
(1) E. Erlenmeyer, Jr., and P. Bade, Ann.. 337, 222 (1901}.). 
(2) E. W. Rosenmtind and 11. Dornsaft, Eter.. >2, 173^^ (1919) s 
Arb. Pharm. Inst. Univ. Berlin, 12. 73 ^921). 
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acids. Although condensation of aromatic aldehydes with N-
carbethoxyglycine ester gave only a-N-carbethoxyaminocinnamic 
esters, another modification of the Erlenxneyer method proved 
Na 
Ar»CHO + H2C*G00R ^ Ar-GK=C»COOR 
I Et20 I 
IIN'COOR IIN'COOR 
more fruitful. Aromatic aldehydes, wherein any phenolic 
hydroxyl groups were first carbethoxylated to prevent salt 
fomation, condensed with glycine ethyl ester in ether under 
influence of sodium diiring hours. The resultant N-
arylidene adducts were readily converted to the desired 
phenylserin®a. 
In the case of benzaldehyde, the usual intermediate 
insoluble sodium salt was cleaved with acetic acid to give a 
"phenylserine", ^ lich was reported to crystallize from water 
Na 
G^jH^-CHO + H2G«G00C2H^ • 
EtjjO 
NH2 
G^H^'CHOH'CHMHp'COOH C^Hc''CHOn*Cn*COOFa 
-C^IfcCHO ^ I 
as colorless needles, ra.p. 192° (dec.). Degree of hydration 
was unspecified. Preparation of azlactones already described 
by Erlenmeyer, by reaction with acetic or benzoic anhydride, 
was the only mode of characterization. Since this treatment 
- llj. -
destroyed molecular assnrnmetry, structural configuration of 
this "phenylserine" can not be related to those of Erlenmeyer. 
£«Methoxyphenylserine, which decomposed on treatment with 
strong acids and similarly synthesized from anisaldehyde, 
was described as colorless hydrated needles, m.p. 185-186° 
(dec,) when dried. 
With carbethoxylated hydroxyaldehydes, very little sodium 
salt was formed, the intermediate consisting: predominantlj'^ of 
the corresponding unsaponified ethyl ester, which remained 
dissolved in the other. After arylidene cleavage by alcoholic 
hydrogen chloride, the ring-carbethoxylated hydroxyphenyl-
serine ethyl ester hydrochloride could be isolated, or aapon-
ification with cold 1 H sodium hydroxide could be effected to 
give the desired phenylserine analogue upon final neutraliza­
tion. Compounds thus prepared included the following: 
0215*003/ >CHOH*CHNH3C1»COOC2H5 HO CH0H.CHNH2*C00H 
e thy1carbona t©phenylse rine £-hydroxyphenyls erine 
ethyl ester hydrochloride needles or plates 
37^ yield? m.p. I8I® dec. p. 217® 
(free ester, m.p. 12I4.0) 
CH3O / V 
HO ( > CHOH*CHNH2•COOH 
vanillylserine needles 
m.p. 195° (dec.) 
G2H5*C03/ . HO 
C2H5.GO3/ >CHOH *011^301 *00002^15 HO/ >CH0H*CHM2*C00H 
3,i|.-diethylcarbonatophenylserine 3>^+-dihydroxyphenylserine 
ethyl ester hydrochloride granules 
m.p. 151-152° (dec.) m.p. 208-210° (dec.) 
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In preparing 3»^-dlhiydroxyphenylserine, otherwise denoted as 
DOPS and of Interest as a potential biological precursor of 
adrenaline, final saponification was effected under hydrogen 
to avoid otherwise rapid atmospheric oxidation under the 
alkaline conditions employed. 
Diphenylhydroxyethylaraine analogues were not reported by 
Rosenmund and Dornsaft in their papers on condensation 
studies. Ho attention was given to the possible formation of 
diastereomers of the various phenylserlne analogues prepared. 
Clarlfioatlon of these two aspects has yet to be effected by 
further investigation. 
Attempts to convert an aliphatic aldehyde t o an a-amino-
p-hydroxy acid have remained iinsuccessful. Prop ion aldehyde 
supposedly gave a product formulated as C2H^*CH(NH*CH2C00H)2j 
although no structure proof was offered, nor were processing 
conditions such that isolation of such a moiety would be 
likely (1). It was reported some years later (2), that 
phenylacetaldehyde failed entirely to condense vjith glycine. 
The Inefficiency of Erlenmeyer^s method for synthesizing 
phenylserlne was apparent from a reported yield in one case of 
only 13^ {3)» It was remarked by Porster and Rao t:iat the 
(1) K. W. Rosenmund and H. Domsaft, ber., 173,1^ {1919)s 
Arb. Pham. Inst. Univ. BerlInT 12. 73 (1921). 
(2) P. Knoop, F. Ditt, ¥/. Hecksteden, J. Maier, W. Merz and 
R. Harle, Z. physiol. Cht^m.. 239. 30 (1936). 
(3) E. Abderhalden and S. Buadze, Fermentforschunp;. Q, ij.87 
(1926). 
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prescribed procedure gave Isodiphenylhydroxyethylamlne con­
sistently as the sole product (1). The finding that 60-65^ 
yield was readily attainable when cold ethanol was used to 
wash the intermediate benzal sodium salt suggested that 
earlier poor results were due to rearranging action of sodium 
hydroxide in the hot ethanol originally specified for washing. 
A mechanism somewhat different from that propounded by 
Erlenmeyer was offered to eicplain the side reaction, without 
any supporting experimental data, or regard for Erlenmeyer'a 
C2H5'OHOH'GH{N=CH*C£,H^)*GOOH > C6H^«CH0H.CH2*N«CH.C5H^ + CO2 
I 
C£,H^.CH0H*Cm>IH2'C£,H^ + CHgO C£,H^.CHOH*CH«G^H^ 
extensive study of the problem. The hydroxyamino acid, with a 
melting point of 200->202® reported for anhydrous material, was 
redesignated as "trans-^phenylserlne". in view of the simulta­
neously claimed discovery of the diastereomeric "cls-phenyl-
serlne" (see p. 27)* For derivatization, preparation of 
Srlenmeyer's a-acetaraido- and a-benzaraidoclnnamic acid "lao-
timides" was repeated. While Erlenmeyer's observation of allo-
phenylserine as a by-product of glycine-benzaldehyde condensa­
tion was noted, it was dismissed with the comment, "but the 
substance was not analyzed, and further reference to it has not 
been made by any other investigator" (loc. cit., p. 19l|4)* 
(1) M. 0- Porster and K. A. N. Rao, J. Chem. Soc.. I9I4.3 (1926). 
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Efforts to prepare a diketopiperazine of phenylserine 
were -unsuecessful* Interest in synthesizing this derivative 
steiisaed from earlier work on pici^orocellin (1), to which the 
structure of a phenylserine diketopiperazine had been assigned. 
This compound, isolated long years before (2) from an African 
C6H^ • CH (OGII3) • CH. NCH3. CO 
GO—NH—GH'GHOH'C^H^ 
lichen, Rocella fuciformls, is the only simple phenylserine 
derivative which has been reported to occur naturally. 
The nomenclature employed by Porster and Rao (3) was 
poorly chosen. Use of the term "trans" implied rigidity of 
bonding between a- and p- carbon atoms of phenylserine where 
rotation is actually free. That such was the actual concept 
of these workers was clear from their utterance concerning 
synthesis of a-benzaraidocinnamic acid "lactimide" (loc. cit., 
p. 191^5) t 
We find that the same substance is produced from 
Erlenmeyer's acid by a much milder method, namely, 
action of benzoyl chloride suspended in sodium 
carbonate solution, thus emphasizing the surprising 
facility with which removal of water takes place 
when favored by the cis-relationship of the hydrogen 
atom and the hydroxyl group in trana^phenylserine. 
This unfortxinate misnomer has continued to appear in subsequent 
(1) M. 0. Forster and W. B. Saville, J, Ghem. Soc., 121, 
816 (1922). 
(2) J. Stenhouse and G. E, Groves, Ann., l65. ll^- (I877), 
(3) M. 0. Forster and K. A. N, Rao, J.' Ghem. Soc.. 1943 (1926). 
literature (1,2,3,^)* Porster and Rao were also evidently 
unfamiliar with the fact that Erlenmeyer himself, more than 
two decades earlier, had considered the "lactiraide" formula­
tion erroneous and had adopted the five-menibered cyclic 
azlactone structure as being in better accord with experimental 
observations. 
Further improvement in Erlenirieyer' s synthesis of phenyl-
serine was described in a German patent (5), whereby conden­
sation was effected in an entirely aqueous medium, in presence 
of a minimal quantity of sodixirn hydroxide. The intermediate 
N-benzalphenylserine sodium salt was hydrolyzed directly 
without isolation, strong mineral acids being used in place of 
acetic acid. While this simplified procedure was claimed to 
increase yield to no mention was made of the stereo­
chemical problem. 
The Rosenraund-Dornsaft variation of Erlenmeyer's phenyl-
serine synthesis was reinvestigated and extended by Dalglieah 
and Mann. The condensation of dicarbethoxyprotocatechualdehyde 
with glycine ethyl ester was advantageously modified by use of 
(1) H. D. Dakin, J. Biol. Chem.. 1^, 8I1.7 (I9I1.I). 
(2) D. Cr. Doherty'^ J. S. Tietzman and M. Berf^ann, J. Biol. 
Chem.. lH?. 617 (19l|-3). 
(3) J. 3. Fruton. Advances in Protein Chemistry. I7 {l9il-9)* 
{I4.) E. E. Howe, "Properties of Amino Acids", in Qreenberg, ed., 
"Amino Acids and Proteins", Charles C. Thomas, 
Springfield, 111., cl95l, p. 1^-3. 
(5) Ges. fiir Kohlentechnik m.b.H. German Patent 632,l|2lj,. 
July 8, 1936. 
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excess sodiian to provide maximtxm surface for reaction (1). 
Pinal yield of 3,4~^i®thylcarbonatophenyls0rine ethyl ester was 
found to depend markedly on condensation time, decreasing 
rapidly after 2I4. hours. The carhomethoxylated aldehyde proved 
much less satisfactory than its ethyl homologue. Derivatives 
prepared of the above free ester Included the monohydrate, 
ni.p. 138-139®} hydrochloride, ra.p. 1^2-1^3°} picrate, ra.p. 
1:^2®; normal oxalate monohydrate, m.p. llj.O-lkl® (2). Alkaline 
hydrolysis of the ester hydrochloride gave overall yield of 
free 3,'f-dihydroxyphenylserinG, ra»p, 219-221° (Rosenmund and 
Dornsaft (3) had listed m.p. 208-210°), characterized further 
as an orange picrate, m.p. 90-92°. Hydrolysis of the oxalate 
by refluxing v/ith dilute acetic acid caused decomposition, 
?-/ith paper chromatography revealing no DOPS in the hydrol-
ysate (1). 
N-Methy1-3,4-dihydroxyphenylserine (adrenalinecarboxylic 
acid) was of pharmacological interest in view of its inter­
mediate relation to adrenaline and 3,^!-dihydroxyphenylalanine 
(DOPA) (2,1}-). Treatment of 3,l4--diathylcarbonatophenylserlne 
ethyl ester with diazomethane gave only unchanged reactants; 
action on the former of benzenesulfonyl chloride failed to 
(1) C. E. Dalgliesh, J. Cbern. Soc., 90 (19'-i-9). 
(2) C. E. Dalgliesh and P. ff. Mann, ibid,. 658 (19)17). 
(3) K. W. Rosenmund and H. Dornsaft, Ber., 52. I73ii (1919): 
Arb. Pharm. Inst. Univ. Berlin. 12, 73 (1921). 
(If) P. G. Mann and G. E. Dal^nliesh. Mature. 158, 375 (19lf6). 
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give a crystalline derivative, v/hicli, it had been hoped, could 
be K-methylated. Finally, sarcosine ethyl ester was success­
fully condensed \vith dicarbethoxyprotocatechualdehyde under 
Rosenmund-Dornsaft conditions. Although neither the resultant 
N-methyl-3,l|-diethylcarbonatophenylserine ethyl ester hydro­
chloride nor the free ester were obtainable in crystalline 
form, purification was effected via the corresponding picrate, 
m.p. li|li.*^{ acid oxalate raonohydrate, m.p. l57® (dec«) or normal 
oxalate monohydrate, m.p. li|.7° (dec.). Attempted hydrolysis of 
the acid oxalate with sodium or barium hydroxide \ander hydrogen 
was unsatisfactory. Although refl-uxing the cr^ade hydrochloride 
with dilute acetic acid under nitrogen was also unsuccessful, 
similar treatment of the acid oxalate achieved effective sapon­
ification to give adrenalinecarboxylic acid, m.p. 233° (dec.), 
in h^jfo yield from initial aldehyde# The compound was moderately 
water soluble, gave no crystalline picrate and reacted 
positively, but more slowly than DOPS, in the ninhydrin test. 
The mechanism of the reaction leading to adrenaline­
carboxylic acid was obscure. Schiff base formation was 
considered out of the question, even though two moles of 
aldehyde were required for condensation to proceed. The 
suggested reaction route involved hemiacetal-type inter­
mediates. 
CH2'G00C2N5 
AT'CHO + 
CH2*G00C2H^ 
AR.GHOH-N'GH^ 
Ar-CHO 
AR^GHOH'CH.COOCPHT:; 
JIH.CH3 
Y 
AR.CHOH'CH.COOCGH^ 
AR.CH0H.N.CH3 
HO 02^^-00J 
AR HO CHOH'GII'OODH 
NH'0H3 
Further study was made of the scope of the Roeenmund-
Dornsaft route. Yeratraldshyde or plperonal failed to conden 
with glycine ethyl ester (1). No satisfactory reaction of 
veratraldehyde and sarcosine nitrile or ethyl ester occurred 
under a wide variety of conditions (1,2)« 3,^-Carbonyldioxy-
benzaldehyde reacted vigorously with [-lycino ester in absence 
of both ether and sodium: much heat was evolved and an orange 
resin formed (1). The tv;o compounds in ether alona rapidly 
gave a turbid solution from which a y«''.low oil deposited. 
This was not further investigated. 
The condensation of £-nitrobenzsidehyd© with «^lycine 
ethyl ester was examined more closely (2). After four days 
(1) C. E,. Dalgliesh and P. G-. Mann, J. Chem. Soc.. 6^8 (1914-7) 
(2) C. E. Dalgliesh, ibid... 90 (19491^ 
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standing in presence of •'molecular" sodium, compound A, con­
sidered to be a Schlff base, was Isolated from the ether fil­
trate. This substance isomerized upon overnight storage to a 
possible oxazolidine structure, compound B (37^ yield from 
£ - 0 2 H • . O H  C H • C  O O G 2 H 5  
£-02N' CHOH«GH' COOG2H5 
H=CH.G6HI^»IT02-£ C5%.II02-£ 
compoui^d A, m.p. 85° compouiid 3, m,p* 139° 
starting aldehyde). Refltixing B with dilute acetic acid 
decomposed it to £-nitrobenzaldehyde and glycines by contrast, 
alcoholic hydrogen chloride at room temperature gave the ex­
pected £-nitroph0nylserine ethyl ester hydrochloride, m.p, 
185°, in yield. This was saponified almost quantitatively 
by cold dilute alkali to £-nitrophenylserine, m.p. l88*^ (dec.), 
which T/as easily reduced by catalytic hydrogenation over 
palladium-charcoal to £-amlnophenyl3erine, m»p. 205-207° 
(dec,). Both hydroxy amino acids v/ere readily recrystallizabl© 
from water and gave stron£,; ninhydrin reactions; the £-amino 
compound was described as being easily oxidized. 
Attempts to condense £-nitrobenzaldehyde with glycine in 
aqueous alcohol under influence of sodium hydroxide were xin-
successful (1). Vigorous reaction occurred, with liberation 
(1) D. W, VJoolley, J. Biol. Chem.. 185. 293 (1950) 
•"> 
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of ammonia and development of a dark rod color. Acidification 
led to a product markedly low in nitrogen content, and which 
on working up, gave a small amount of still impure material 
with properties of an amino acid and high antibacterial 
activity. Hovirever, an RpO.08 on paper chromatography in 0.1 N 
hydrochloric acid-phenol indicated £-nitrophenylserine (RpO.68) 
was absent. 
To obtain a compound of assured threo configuration, 
analogous to that of ciiloramphenicol, phenylserine was nitrated 
directly Cl) by the procedure already found effective with 
phenylalanine (2). However, not only did the resultant mono-
hydrated £-nitrophenylserine show the same melting range 
(188-195°) as the Dalgliesh (3) product {192-195°)f but the 
absorption spectra curves were mutually superposable with 
identical maxima* 
The view that an oxazolidine was not produced in conden­
sation of £»nitrobenzaldehyde and glycine ethyl ester was 
expressed on the basis of infrared spectra determinations in 
v/hich lines characteristic of a Schiff base were obsarvod 
However, which of the two Dalgliesh internnediates had been 
exaiained was not made clear. 
An interesting new modification of the Erlenmeyer path 
(1) D. Billet, Compt. rend.. 230. 1358 (1950). 
(2) E. Erlenmeyer, Sr., and A. Llpp, Ann.. 219. 179 (1883), 
(3) C» E. Dalgliesh, J. Chem. Soc.^ 9^(19WT. 
(4.) E. D. Bergmann, M. Genas and H. Bendas, Gompt. Rend., 
231, 361 (1950), 
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to phenylserine was presented by Bergjnann et al, (l). Quite 
surprisingly, corsdeiisatioTi occurred when glycine esters and 
aromatic aldehydes in the correct proportions ¥/erc merely 
dissolved in methanol or ethanol at room temperature, no other 
Table 1 
Products of Condensation Yi/ithout Basic Catalyst 
Ar Ar 
Substituents 
CHOH 
iooR 
CHOH 
R»'C*NH3C1 
COOR 
Ar R R» M.p., OC. M.p., oc. 
Phenyl methyl hydrogen urn 185 (dec.) 
£-Hi trophenyl ethyl hydrogen ll|8 190 (dec.) 
£-li tr©phenyl methyl methyl 132 
m-Ni trophenyl methyl hydrogen 131 
£-Gyanophenyl methyl hydrogen 278 (dec.) 
-
2,6-Dlchloro-
phenyl methyl hydrogen 128 196 
basic catalyst being required. Reaction was often manifested 
by a temperature rise. In sorae cases, intermediates precip­
itated out, which, upon careful hydrolysis with alcoholic 
hydrogen chloride, gave the ester hydrochlorides of the 
(1) E. D. Bergraann, Genaa, and H. Bendas, Compt, rend., 
231. 361 (1950). 
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substituted phenylserines. Although neither analytical data 
nor procedural details were provided, the opinion was expressed 
that the various products were stereochemically alike. This 
method was significant in having led to an a-methylphenylserine 
derivative for the first time, presumably with alanine in 
place of glycine as a starting material. 
2. Amination of phenyl.glycidic acid derivatives 
The feasibility of preparing phenylserines by treating 
phenylglycidic acids with ammonia or amines has been investi­
gated at periodic intervals. The value of studies made on this 
G^H^*GHOH*CIIX*COOH R = hydrogen, alkyl 
or aryl 
a-halo-p-phenyl-p-hydroxypropionic X » halogen 
("phenylhalolactic") acid 
> C£,H5*CMM2*CH0H.C00H 
base phenylisoserine 
u (2 forms) 
RPNH 
— C H « C O O H  ^ ^  C £ ^ H ^ « C H 0 H » C H N R 2 ' C 0 0 H  
phenylclycidic acid phenylserine (2 foms) 
approach has been diminished greatly by general use of 
isomerically impure starting materials. Consequently, the 
uncertainty was increased as to which of four possible racewic 
substances was produced. Furthermore, insufficient attention 
has been devoted to examination of products for presence of 
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more than a single isomer, or to rigid proof of structxire. 
Allophenylserine, reported as a minor product in glycine-
benzaldehyde condensation, was also claimed to arise via the 
phenylglycidic acid route (1,2). While addition of ammonia 
in the cold to the sodi\im phenylglycidate derived from oily 
"phenylchlorolactic" acid gave only phenyl!soserine, m.p. 220-
221°, similar reaction starting from the solid "phenylchloro-
lactic" acid isomer yielded a new phenylisoserine diastereomer, 
m*p. 22^1®, as the main product, with recovery from the mother 
liquor of a cou^ound apparently identical with allophenyl-
serine. Surprisingly, repetition of the last reaction at 
higher ten^eratures produced only the phenylisoserine of m.p# 
220-221°. Mere change of temperature thus influenced not only 
mode of epoxide ring opening, but also steric configuration of 
the product. 
Addition of aniline, phonetidine, piperidine or phenyl-
hydrazine to the two racemic sodium phenylglycidates and to 
one optically active form gave compounds which were formulated 
as phenylisoserine derivatives (2). By contrast, reaction of 
methylamlne or dimethylamine with "phenylchlorolactlc" acid 
supposedly led to substituted phenylserines (3). Treatment of 
various phenylglycidic esters with ammonia reportedly yielded 
(1) ii,* Srlenmeyer, Jr., and Et Priihstuck, Ann.. 28k. 36 (I89I}.). 
(2) E. Erlenmeyer, Jr., and G. Barkow. Ber.. 39.''T91 (I906), 
(3) Pourneau, Bull, soc. chim. .£]4-JT1, m (1907). 
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no product isolated in worthwhile quantity (l), Knoop clearly 
showed that "phenylchlorolactic" acid, or its acetyl deriva­
tive, reacted with methylamine to give in GOod yield not the 
anticipated N-methylphenylserine, but F-methylphenyliso-
serine (2)» Phenylslycidic acid was suggested as a necessary 
intermediate. Proof of structure was afforded by acid perman­
ganate oxidation to a-methylaminophenylacetic acid. Despite 
this indication of reaction coiirso, this type of reaction was 
patented on the premise that nitrogen of the attacking amine 
becsrae attached to the saiae carbon from which halogen was 
displaced (3)* 
Confusion over the course of the phenylglycidic route 
was heightened by Porster and Rao who reported prepara­
tion of "cia-phenylserine" by ammonium sulfide reduction of 
"a-triazo-p-hydroxy-p-phenylpropionic" acid and by treatment 
of sodium phenylglycidate or cinnamic acid chlorhydrin with 
ammonia. The following reaction sequence (later proved 
erroneous) was presented? 
(1) K. W, Rosenmund and H. Dornsaft, Ber«. 52. I73i|- (1919) i 
Arb. Pharm. Inst. Univ. Berlin, 12. 73 (1921). 
(2) P. Knoop, Ber., ^266 
(3) Stablissements Poulenc Preres. French Patent 532,1^65. 
Abstracted in C.A.. 18. 989 (192ij.). 
(If) M. 0. Porster and K"."' 'A. F. Rao, J. Chem. Soc.. 19l|.3 (1926). 
• GHOH» GHGl • GOOH G^H^'. CHOH» GHN3 . GOO: 
G£JH^*CN-CH«COOIFA 
0 
^ G • GHOH. CHKH2 '0001 
"cis-phenylserine". m.p. 230-2° 
Synthesis of the corresponding methoxyamino acid in like 
fashion was also described. While several derivatives of each 
product were made, it was noteworthy that neither the free 
hydroxyamino acid nor its 0-methyl analogue could be azlacton-
ized, lack of such reaction being attributed to "cis" relation­
ship of hydroxyl and amino rjroups within the molecule. 
The structure of "cis-phenylserine" was formulated by 
Porster and Bao on the basis of questionable rationalization 
rather than experimental proof. Addition of hypohalous acids 
to cinnamic acid was taken to be unidirectional, effects of 
geoisomerism being neglected. Freedom of rotation around a 
single carbon-carbon bond was not considered. Conclusions as 
to reaction mechanism were based on faulty use of planar 
projection rather than three dimensional molecular models. 
The already contradictory reports in literature of the pre­
ceding two decades concerning the nature of products formed 
in phenylglycidic amination received no consideration. 
The complaint by Porster and Rao that "Erlenmeyer*s 
whole treatment of the subject is most bewildering" reflected 
gross errors in their interpretation of the paper by 
Erlenmeyer and Barkow (1), v/hlch they vigorously criticized. 
Erlenmeyer's use of Individual "phenylchlorolactic" acid and 
sodium phenylglycidate isomers was overlooked. r,Mle their 
partial recognition of the effect of temperature on the 
(1) E. Erlenmeyer, Jr., and C. Barkow, Ber.. 39. 791 (1906). 
reaction course was apparent, formation of allophenylserine 
as a by-product was not mentioned. In one instance, an 
optically active phenylisoserine copper salt described by 
Erlenmeyer was taken to be a phenylserine compound. Such 
omissions were crystallized in the view (1) "we can only 
conclude that phenylisoserine (m.p. 220-221®} may be erased 
from the literatxire, the substance under that name being 
incompletely purified cis-phenylserine". 
In repeating the work of Porster and Rao, Oesterlin (2) 
showed that since "cis-phenylserine" gave phenyl,(glycine upon 
permanganate oxidation, it was in reality a p-amino acid, 
one of the two diastereomeric phenylisoserines, the second of 
which (m,p. 270-280®) Oesterlin reported he had also prepared 
for the first time, Phenylglycidic acid was considered a 
requisite intermediate in amination of "phenylhalolactic" 
acids. Accordingly, Pourneau's methylamino and dimethylamino 
hydroxy acids (3) were classified as phenylisoserine 
derivatives, but no oxidative proof of structure was mentioned 
for these particular substances, Without reference to 
Erlenmeyer's findings on the subject, Oesterlin stated that 
reaction always led to phenylisoserine derivatives, regard­
less of solvent or temperature, yet he described formation 
{1) M. 0. Porster and K, A, K. Rao. J. Chom, 3oc,. 19lj-3 (1926), 
(2) M, Oesterlin, Metallbdrse, 3^, 1^?" (1929). 
(3) E, Pourneau, Buli. soc, chim.. 5^19 (1907). 
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on one occasion from phenyl£,lycidic acid and arnmonia at 0° of 
an impure product which clearly contained an appreciable propor­
tion of a phenylserine, Judr;ing from its behavior on perman­
ganate oxidation. Lacking both analytical data and literature 
citations, Oesterlin's paper scarcely justified his concluding 
statement ''so dass, jetzt samtliche If Phenyloxyarainosauren, 
entsprechend den beidon aliphatischen Serinen, bekannt sind". 
In some instances, Oesterlin's work has escaped the 
attention of later writers, who have continued to refer to 
"cis-phenylserine" (1,2). Synthesis of compounds listed as 
phenylserine derivatives, by treatment of a-bromo-p-hydroxy-
p-phenylpropionic acid or its £-nitro- analogue with various 
aliphatic amines, was described without structure proof or 
knowledge of earlier v/ork being apparent (3). 
The studies of Pourneau and Billeter (If) have partially 
resolved earlier contradictory findings in this area. It was 
reported that aumionia and primary aliphatic amines reacted 
with phenylglycidle ester in two well defined stages to give 
first of all phenylglycldic amides, then, by opening of the 
(1) II. D. Dakin, J. Biol. Chem.. iko, 8l|.7 (I9I1.I). 
(2) 12. E. Howe, "Properties of Amino Acids", in Greenberg, ed., 
"Amino Acids and Proteins", Charles G. Thomas, 
Springfield, Illinois, CL95L, P» ^4-3« 
(3) S. Gaind and J. il. Ray, J. Chem. Soc.. 
II?Y UVIO; 
E, Pourneau and J." 
I, 593 (19l|0). 
"R. Billeter, Bull, soc. chim.« dJ. 
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ethylene oxide bridge, phenylisoserineamides. Secondary ali­
phatic amines behaved in similar fashion, but without an 
observable Intermediate stage, Aryl amines yielded H-
substituted phenylserine esters, no amidation occurring. A 
number of N-arylated phenylserines prepared by this route 
are shown in Table 2. 
Permanganate oxidation was foiond unsatisfactory as a 
method for distinguishing N-arylated phenylserines from 
phenylisoserines, both undergoing complete degradation of 
the side-chain. Replacement of hydroxyl with chlorine in 
amid© derivatives, followed by hydrogenolysis, gave a phenyl-
propionamide, so that location of the amino group was not 
achieved. Attempted thermal decarboxylation proved no more 
indicative, deep-seated decomposition leading to phenyl-
acetaldehyde v/ith H-dimethylphenylisoserine, and 
RNH OH 
RWHp I I 
A 
ArNIIp 
HO NliAr 
I I ^ 
C G^H^'GH'GH'GO'NHAr 
R = H or alkyl 
Ar « aryl 
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Tablo 2 
K-Aryl Phenylserines 
H-substituent M.p., °C. Ref, 
Phenyl 1^6 (a), 158 (a), 1^-isomer 187 (a) 
ester 73-75, amlde'"206 
methylainide 183 
1 
2 
2 
£-Tolyl oil (b) 2 
ra-Tolyl 212-213 2 
£-Tolyl 216-217 2 
£-Sthoxyphenyl 187-188 (a), 1-isomer 207 (a) 1 
o-Methoxyphenyl oil (b) 2 
£-MQthoxyphanyl 216-217 2 
£-Carboxyphenyl 2k0 (b) 2 
£-Ace tamidophenyl oil (b,c ) 2 
a-Kaphthyl unstable in air (b), amide 126 2 
P-Naphthyl 204 2 
Phenyl, methyl oil (d). amide 171-172 2 
6-Methoxy-8-quinolyl 120-130 (dec.) (b) 2 
o-Aininophenyl dihydrate I76 (dec.), ester 13I 
triacetate I89 
3 
3 
(a) Originally described as phenylisoaerines (1) 
(b) Crystalline sodium salt prepared 
(c) Doacetylated acid xuistabie in air 
(d) Crystalline potassium salt 
(1) E. Erlenraeyer, Jr., and C. Barkow, Ber«. 39» 791 (1906), 
(2) E. Fourneau and J. R, Billeter, BulTr~"soc. chim.. / 5 7. 
X. 593 (19^0). 
(3) C. C. J. Culvenor, W, Davies, J. A. Maclaron, P. P. Nelson, 
W. E. Savige, J. Ghem. Soc,. 2^73 (19lf9K 
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to acetophenone with N-phenylphenylserine. Pher.ylserine it­
self yielded beK a aldehyde and raethylaraine, aa well as carbon 
dioxide. Finally, constitution of one product in each series 
was demonstrated through catalytic reductive deamination to-
known compounds by refluxin^ with palladium in tetralin. It 
G5H^*CM{GH3)2*GH0H«C00H 5- (CH3)2NH + G^H^'CHG'CHOH.GOOH 
C^H^'CHOH'CHHHC^H^.COOH 5^ + G5H^»CE0H*GE2*G00H 
was presumed from the course of these reactions that other al­
iphatic aminations would give rise to H-alkylphenylisoserines, 
whereas aromatic aminos v/ould produce N-ai'ylphanylserines, 
The thought was apparently not entertained that amina-
tion of phenylglycidic compounds might actually involve paral­
lel attack on both a- and p-carbon atoms, with formation of 
phsnylserines and phenylisoserines in the same reaction, their 
proportion varying with reaction conditions. JJor was €iny 
attention paid to steric foi^m of the starting phenylslyeidic 
ester with its potential effect on production of diastereomers. 
The situation was aptly depicted by the statement (1), "Kos 
comiaissances sur lea acides phenylaminolactiques possibles 
sont encore fragmentaires, et la question meriterait une 
etude complete dont le present travail n'est qu'tine amorce". 
(1) E. Pourneau and J, R. Billetor, Bull. soc. chim., /~5 7# 
X, 593 (19l|-0). 
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Existing knowledge and uncertainty concerning the parent 
hydroxyamino acids was also sutmnarized appropriately (loc« 
En resume, on connatt d'une raaniere cortaine I'une 
des ph6nylisos6rines fondant a 230°, trds probable-
ment 1*autre phenylisos^rine fondant d 280®, et la 
ph§nylserine fondant d 196-200°, Les phinyliso-
s6rines d'Erlenmeyer (F. 220° et 2l^0®) sont vrai-
semblablement impures. Un© autre phenyls6rine 
d*Erlenraey©r, fondant i. 189-190°» n'a pas et6 re-
trouv^ ult^rieiirement. 
3* Mereuration of cinneniic acid derivatives 
The apparent intermediacy of phenylglycidic acid 
stinictures in amination of "phenylhalolactic" acid derivatives, 
with consequent possible formation of phenylisoserines, as 
well as the desired phenylserines, has been noted. Procedural 
variations have been sought w3ilch would avoid the olefin oxide 
ring closure Involved and resultant uncertainty over nature of 
the products. A proraisinc approach to this end was based on a 
sequence of known reactions: a-mercuration of a suitable a,p-
olefinic acid in alcoholic solution, replacement of mercury 
by halogen, amination, and finally cleavage of the ether group 
with hydrobromic or hydriodic acid. 
cit.. p. ^ 95): 
-C=CH*COOH ^ -G-CH.COOH -C-CH'COOH 
CH3O HgOAc CH3O HgBr 
, Y '®^2 
' -C-CH'GOOH 
— I I 
CHoO Br 
-G-CH.COOH 
I I 
HO MIO 
-C-CH*COOH 
I I 
GH3O IIH2 
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Although successfully employed for preparation of 
aliphatic a-amino-p-hydroxy acids, this method proved unsatis­
factory for aromatic analogues. Methyl cinnamate was easily 
converted to the corresponding a-bromo-p-methoxy ester, but 
hydrolysis of the latter to the parent acid was attended by 
troublesome side reactions (1), An isomeric a-bromo-j3-methoxy 
acid, obtained with free cinnainic acid as the starting 
material, was aminated without difficulty, but cleavage of the 
product with hydrogen bromide or iodide was reported to give 
only cinnamic and bromohydrocinnamic acids, instead of a 
phenylserine. Additional interfering effects were encountered 
when £-methoxycinnamic ethyl ester was used in the seqience. 
Demercuration with bromine was accompanied by nuclear substitu­
tion. Although ring attack was avoided by use of iodine, the 
a-iodo acid obtained could not be reproducibly aminated. 
Some discrepancies in the work of Schrauth and Geller 
were revealed by Van Loon and Carter (2). The initial mercura-
tion reaction was shown to produce a cyclic mercuri-anhydride 
structure which was slowly transformed to a linear polymer. 
(1) W. Schrauth and H.  Geller, Ber., 2783 (1922). 
(2) 1. J. Van Loon and H. E.  Carter, j7 Am. Chem. Soc.. 59« 
C£,H^*CH-CH-C»0 
CH3O Hg-0 
C^Hi'.C-CH-C-O-
^ ^  M II -H 
AcO- CHoO Hg 0 
2555 (1937). 
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Regardless of which mercury adduct was brominated, mixtures of 
the two stereo!soraeric a-brorao-p-methoxy acids were formed 
rather than a single isomer, although their proportion varied 
somewhat according to temperature and type of illumination 
used. Partial separation was effected on the basis of solubil­
ity differences in aqueous sodixim carbonate. Both crude prod­
ucts were successfully aminated to give the two 0-methyl-
phenylserlnes (1). The less soluble isomer B, m.p, 
(dec.), was obtained directly; Isomer A, m.p. 231-233° (dec.), 
required extensive purification via its H-carbobenzoxy deriv­
ative (2). Ysihen these methoxyamino acids were treated with 
hydrogen bromide, §-phenylnaphthalene was produced, instead 
of either of the phenylserlnes (for details, see p. 1|.0). 
ij.. Reduction of oximino compoixnda 
Synthesis of "erythro-3-phenylserine" was recently de­
scribed, starting with a-oximlnobenzoylacetic acid (3)» This 
compound was hydrogenated in a reportedly stereospeciflc 
manner over platinum oxide in mixed hydrochloric-acetic acids 
C£jH^ • CO • C • COOC2H5 —^ C5H5 • pi • CH. C00C2H^ —^ • pi • GOOH 
ilOH OH ijHg'HCl OH HHg 
(1) H. S. Carter and E. J. Van Loon, J. Am, Chem, Soc., 60. 
1077 (1938). — 
(2) H. S. Carter and W. C. Risser. J. Biol. Ghera.. 139. 2^5 
(I9l|-1). 
(3) I* Elphimoff-Pelkin and H. Felkin, Compt. rend., 232. 
2i}.l (19^1). 
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at room temperature. The resultant ester hydrochloride, m.p. 
186°, was converted by potassium carbonate solution to the free 
ester, ra.p. 81-83°, v/hich decomposed on standing with forma­
tion of benzaldehyde. The hydroxyamino acid, obtained by cold 
hydrolysis of the ester hydrochloride with alcoholic potassitua 
hydroxide, was reported to melt at 260*^, and to form a hydro­
chloride, m.p. 212^. Satisfactory identification was consid­
ered to have been achieved when it was found that heating of 
"erythro-p-phenyIserine" with benzoyl chloride gave the same 
azlactone as arose from phenylserine similarly treated. An 
K,0-diacetyl ester, m.p. 126-127°, from action of hot acetic 
anhydride on the ester hydrochloride in presence of sodium 
acetate, and an N,0-dibenzoyl compound, m.p. 167-168°, were 
also mentioned. Derivatives of the erythrophenylserine were 
stated to be generally less stable than those of the well-
known phenylserine. Ho experimental evidence for purity of 
the various compounds prepared was provided. 
This route to the phenylserines has also attracted the 
attention of other Investigators (1,2). However, data con­
ceding efficiency of the various synthetic steps and the 
ratio of diastereomeric phenylserines formed have not yet 
becoia© available. 
(1) W. G. Clark, T. A. Geissman and R. I. Akawie. Private 
commTonication, 1950. 
(2) A. M. Mattocks and W. H. Hartun^^, J. Am, Pharm. Assn., 
18 (19I1-6). 
H. Hartung and Chang. Private communication, 1951. 
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Other methods 
In an effort to circumvent low yields of tho Roesnmind-
Dornsaft approach, Dalgliesh tried to find entirely new 
paths to the phenylserines (1), Attempts to utilize the 
Erlenraeyer-Plochl method of amino acid synthesis, with a 
view to effecting suitable addition reactions to the double 
bond of the product, were fruitless. Reactants tested 
unsuccessfully included sarcosine, its benzenesulfonyl 
derivative or its anhydride with veratraldehyde. Veratral-
dehyde condensed as anticipated with glycine anhydride and 
with creatinine, likewise 3,^-carbonyldioxybenzaldehyde with 
K-raethylhydantoin, but addition to the resultant olefinic link 
could not be achieved. 
The possibility of a synthesis based on acetamidomalonic 
ester was also investigated, this compound having given good 
results with other amino acids. Although the reactants 
yielded no worthwhile product in organic media, benzoyl 
chloride reacted directly with the free sodio derivative to 
form a benzoylacetamidomalonic ester. That this was probably 
O^C.OCGH^ 
-si-KH.Ac ^ 
COOC2H5 
O-C'OCGH^ 
^ G*NH*AC 
I 
GOOG2H5 
BZ0*C»0G2H^ 
II ^ 
^ (j»NH*Ac 
COOC2H5 
I 
(1) G. E.  Dalgliesh, J. Ghem. Soc.. 90 (19^1-9). 
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the imwanted O-benzoyl corapound followed from lack of carbonyl 
reactivity and facile hydrolytic or hydrogenolytic cleavage 
to acetamidomalonlc ester. 
A proHiislng route based on known adrenaline syntheses 
likewise proved abortive. Benzylaiethylamine and 3#^'"<^ihydroxy-
phenacyl chloride gave N-benzyladrenalone in high yield aa a 
monoethanolate. This was converted to the gummy tribenzyl-
adrenalone, isolated as a glassy hydrochloride and picrate, 
and as a crystalline oxalate diethanolate. 
CH2C5H5 
3A-{H0)2C5H3.C0.CH2C1 ^ 3,1^-(K0)2G5H3«00«CH2H*CH3 
Y 
3 ,4- (C5H5CH2O) 2G6H3 • CO • CH2 • K. CH3 
Bromination of tribenzyladrenalone gave an uncrystallized 
rosin from which no crystalline product could be obtained 
after boiling with potassium cyanide. 
Dalgliesh remarked that the Strecker type synthesis 
appeared to be inapplicable to the phenylserines. The 
C6H^.CH0H*CH0 ^ C^jH^.CO'CHgOH 
requisite starting phenylglycolaldehyde was known to rearrange 
with ease to a-hydroxyacetophenone. 
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Bi Chemical Reactions 
!• Acid cleavage 
Although it was known earlier that phenylserino (1) and 
£-methoxyphenylserine (2) were decomposed by strong acids, the 
first systematic study of cleavage products was made by 
Bettzieche (3). Anmonia, carbon dioxide, phenylacetaldehyde, 
phenylpyruvic acid and p-phenylnaphthalene were formed on 
refluxing phenylserine with 10;^ sulfuric acid, the last product 
in up to 65^e yield when r eaction was effected in a bomb at 
160-170°, A reasonable reaction course was suggested by 
Garter and Van Loon (if), who investigated action of both 
C^H^^CH.CH.COOH 
RO IH2 l,2~rearrangement 
C^N^'CHG'CO'COOH 
2 moles 
-CO2 
COOH 
-COp 
^ f ^ 
C5H^.CIL2*CII=X 
.2H2O 
C^H^-CH.CO.CO 
GH-0 
C£,H^.CH2 R = H or CH 
2 moles 
0 or NH 
{1) E* Erlenmeyer, Jr., Ann., 307. 70 (1899). 
(2) K. W. Rosenmund and H. Domsaft, Ber.. 52. 173l|. (I919): 
Arb. Pharm. Inst. Univ. Berlin. 12. 73 (1921). 
(3) F. Bettzieche, Z. physiol. Chem., 1^0. I77 (1925'). 
(Ij.) H. S. Garter and S. J. Van Loon, J. Am. Chem. Boc., 60, 
1077 (1938). — 
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sulfuric and hydrobromic acids on phenylserine and its two 
O-'methyl derivatives. Isolation in small amounts of a new 
product, a-keto-p,S-diphenyl-Y"''^^l®^ol®^ctone, the only one 
detectable on acid treatment of phenylpyruvic acid, showed 
that the latter was not a precursor of phenylacetaldehyde, 
as might otherwise be assumed, and that two distinct decompo­
sition paths were involved, with the one leading to p-phenyl-
naphthalene preeminent. 
Indication that the above sequence was not the only 
path of acid decomposition was recently provided (1), After 
refluxing phenylserlne with glacial acetic acid for thirty 
minutes, 63^ recovery of glycine was effected. ITo mention was 
made of other cleavage products simultaneously formed. 
The hydrolysis of K-acetyl-g^-nitrophenylserine has been 
effected by overnight refluxing with 6 H hydrochloric 
acid (2). A 71/3 yield of crude £-nitrophenylserine indicated 
that scission of the hydroxyanino acid did not occur to any 
appreciable extent. Whether this result was due to stabiliza­
tion by the nuclear nitro to the nature of the acid 
and reaction conditions employed was not investigated, 
2, Alkaline cleavaji?e 
The reaction of phenylserine and its derivatives with 
(1) G. Weitnauer, Gazz. chim. ital,. 8I, 1^6 {1951). 
(2) D. W. Woolley.-J. Biol, cW.. 18^ 293 (1950), 
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alkali has been studied in some detail. High recoveries of 
benzaldehyd© and glycine v^ere achieved when phenylserine was 
steajii distilled with 10®^ sodium hydroxide (1). If escape of 
bensaldehyde was prevented by use of reflux conditions, K-
benaalisodiphenylhydroxyethylamine, moderate amounts of oxalic 
acid, and traces of benzylamine were formed by further inter­
action of the two initial cleavage products. These findings 
were aptly in accord with Erlenmeyer's original reaction se­
quence for condensation of benzaldehyde with glycine (see p. 7). 
Although free phenylserine was rapidly decomposed by 
hot sodium hydroxide, the N-tosylated derivative proved 
relatively stable. Ammonia, benzylamine, isodiphenylhydroxy-
ethylamine, benzaldehyde, benzyl alcohol, £-toluenesulfonic, 
benzoic and phenylpyruvic acids, tosylglycine, glycine and 
tmchanged N-tosylphenylserine were demonstrated in small 
amounts only after more drastic treatment in a bomb for five 
hours at 200° (2). Steam distillation of N-benzoylphenylserine 
with sodium hydroxide r-ave only benzoic acid, benzaldehyde 
and glycine as well as unchanced starting material, whereas 
IJ-hlpp;irylphenylserine boiled with 15/^ sodium hydroxide also 
yielded traces of hippuric acid. 
Phenylserine phenylhydantoin and its derivatives were 
(1) P. Bettzleche, Z. physiol. Chem.. 1^0. 1?? (1925). 
(2) P. Bettzieche and R. Men^^er, H3id.7l72, SS (1927). 
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decomposed in comparable fashion by ij. H sodium hydroxide at 
70® (1). Only small amounts of benzaldehyde were obtained from 
— G=0 ^ C6H5*CH2«C0.C00H + C5H5.IH»C0*NH2 
C 
u 
AcO 
C 
saturated phenylhydantoin, whereas from its 0-acetyl deriv­
ative or the related benzalphenylhydantoin were recovered 
80^ of the calculated quantity of phenylurea and 110% of 
phenylpyruvic acid. 
3* Direct esterification 
The scant attention given in early work to esterifica­
tion of phenylserines was reflected in "brief mention of only 
the ethyl ester hydrochloride, which was not characterized 
with certainty (2,3,if)* Interest in phenylserine derivatives 
which could be used for chloramphenicol synthesis has led 
recently to preparation of several esters and their salts. 
In general, the well-known Fischer technique, with minor 
(1) M. Bergmann and D. Delis, Ann.. 76 (1927) 
(2) E. Abderhalden and S. Buadze, PermentforschunPs. ^1-87 
(3) F. Bettzieche and R. Monger, Z. physiol. Ghem.. 172, 
SIJ- {1927) • 
(4) D. G. Doherty^ J..E. Tietzman and M. Bergmann, J, Biol. 
Chem., ill?. 617 (19l}-3)• 
variations, has been employed to secure the ester hydro­
chlorides, which were Isolated and characterized in some 
cases. In other Instances, the ester hydrochlorides were 
converted by mild alkaline treatment directly to the free 
esters (Table 3)* Without specifying method of resolution, 
Vogler (1) has described conversion of L-phenylserine, m.p. 
183-186® (dec.) -50.2 ±2°, c = 2 in 6 H hydro­
chloric acid, -32 ± 2® in water), to L-phenylaerine ethyl 
ester hydrochloride, m.p. 88-90° = -30.2 ±2®, 
c = 2.009 in water), in 90^ yield. This was treated with 
ammonium hydroxide to obtain an 83?^ yield of the free L-ester 
m.p. 62-63° ® + 15.6 + 1°, c = 2.109 in methanol). 
i}.. Azlactonization 
Azlactonizatlon of phenylserine by heating with acetic 
or benzoic anhydrides was effected by numerous investigators 
after Erlenmeyer. Reaction of the amino acid ?;ith acetic 
anhydride to give a 7^^ yield of a-acetaminocinnamlc acid 
azlactone, m.p. l5l°, was found to require twenty-four hours 
at room temperature, as opposed to fifteen minutes at 70° (2) 
The same compound was obtained when phenylserine was heated 
with acetic anhydride and pyridine, under which treatment 
(1) K. Vogler, Helv. Chlm. Acta. 2111 (1950). 
(2) M. Bergmann an<j D. t)eli3, Ann., lt.58. 76 (1927). 
Table 3 
Phenylserine Esters and Ester Hydrochlorides 
Hydrochloride Free Base 
Ester . Ref. 
^ Yield M,p., OC. ^ Tield(a) M.p., °C. 
Methyl mm 156 75 62 (1) 
Ethyl mm 137-139 - - (2) 
-
mm 86 8I4. (b) (3) 
- 138 (c) 73 86 (1) 
91 136-137 mm - i k )  
n-Propyl - 129 72 57 (1) 
n-Butyl - 116 81 52 (1) 
n-Dodecyl - 110 67 50 (1) 
(a) Based on starting phenylserine 
(b) Acid oxalate, m.p. 136° 
(c) Initial formation of phenylserine hydrochloride, m.p» 
157°» was noted. 
(1) G. Carrara and G, Weitnauer, Gazz. chini. ital.. 79. 
856 (1911-9). 
(2) D. G. Dohertyj J. E. Tietzman and M. Bergmann, J. Biol. 
Chem.. I k 7 .  617 (19i+3). 
(3) C. G.' Albert'!, B. Asero, B. Camerino, R. Sannicold and 
A. Vercellone, Ghimica e industria (Milan). 31. 
357 (1911-9). 
(ll) K. Hayes and G. Gever, J. Orp;. Chem.. I6. 269 (1951). 
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other a-amino acids were converted to a-acetamino ketones (1). 
IH2 
R»CH.COOH 
M.CO.CH3 
R'C'CO'GHT. 
I 
COOH 
NH*C0.CH3 
R*CH*C0«CIi3 + CO2 
R = alkyl or aryl 
Heating l-chloroacotylphenylserlne with acetic anhydride 
produced chloroacetardLnoclnnaiaic acid azlactone, m.p, 
which was of use for synthesizing various dehydropeptldes (2). 
C/HR^'CHOH'GH'COOH 
'6^5 
ACGO 
IH.CO'CHGCL 
C^H^'CH^C C=0 
i. .i 
NH-
amino 
acid 
^0/ 
CHgOl 
R'CE.COOH 
C/HR^*CHAC*CO»FOI ;— 
GlCHg-CO'HH 
R » H or -CHg'CHg'COOH 
C5H^*CIP=C-C00H 
H2N'CH2*CO4H 
R *011. COOH 
C£^H^«CH=G'C0*KH 
HGN.CI-I^CO'NH 
The problem of geoisomerism in azlactonlzatlon of phenyl* 
serines received no attention prior to the v.-ork of Carter and 
(IJ H. D. Bakin and R, fi'est, J. Ghem«. 78. (1928), 
{ 2 }  M. Bergmann, V. Schmltt and A. fellekeley, zT physlol. 
Chem., 3^, 264 (1930). 
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Risser (1). Regardless of v;hlch 0-methyIphenylserine was 
heated with acetic anhydride (fifteen minutes at 100°), the 
product crystallizing out on cooling consisted of the well-
knov/n a-benzamidocinnamic acid azlactone I. A new less 
stable isomeric azlactone II was obtained In crude state 
upon dilution of the mother liquor ^th ice water, and was 
purified via the corresponding a-benzamidocinnamic acid II. 
^6% •CH=C C=0 I I 
N .0 
azlactone I 
m»p. i65-i66o 
A 
G^H^N 
azlactone II 
in.p. li{.6-llf8o 
NAOCGH^ 
HCl 
ACGO 
G^H^.CH^C'COOGGH^ 
HN»CO»C^H^ 
ester I, m.p. ll|.7-l]4.9® 
crude ester II, m.p. 70-80® 
NaOH 
HCl 
— C^H^.CJI^G'COOH 
HN'CO.C^H^ 
acid I, m.p. 229-230® 
acid II, m.p. 199-200° 
Only azlactone I was produced when benzoyl chloride or acetic 
anhydride plus pyridine was used for cyclization, or in the 
event of prolonged heating. 
Acetic anhydride treatment has been used to synthesize 
other azlactones from phenylserine derivatives (Table I}.). 
Azlactone formation has served as the basis of a qualitative 
(1) H. S. Carter and W. C. Risser, J. Biol. Chem., 139, 
255 (I9lfl). 
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Table Ij. 
Azlactones from Acylated Phenylserine Peptides 
A25lactones M»p., ®C. Ref< 
Carbobenzoxyglycyldehydro-
phenylalanlne ll}.l-ll|2 (1) 
Benzoyldehydrophonylalanyl-
dehydrophenylalanine I89-I9O (1) 
Ac e tyId ehydr ophenylalanyl-
dehydrophenylalanin© l8i).-l86 (a) (1) 
191-193 (dec.) 
Ace tylb la (daily drophenylalanyl)-
dehydrophenylalanin© 233-235 (dec.) (1) 
Acetyltris(dehydrophenylalanyl)-
dahydrophenylalanine 2i|.7-2il-9 (dec.) (1) 
a-Ghloroproplonyldehydro-
phenylalanine syrup (2) 
(a) Geoisomers 
(1) D. G. Doherty^ J. £. Tietzman and M. Bergmann, J. Biol. 
Ghem.. lH.?. 617 (19il3). 
(2) J. PGreenstein, V. B» Price and P, M. Leuthardt, 
J. Biol. Chem.. 175. 953 (19i|-8). 
teat for p-hydroxy-a-emlno acids (1). The sample was heated 
briefly with benzoic anhydride, the product dissolved in 
aquGous alcohol and treated dropwise with 0.5/^ aqueous perman­
ganate. Instant decolorlzatlon constituted a positive test. 
5. K-Subatitution: peptide synthesis 
IJ-Acyl derivatives v.'ere effectively employed to separate 
the diastereomeric 0-iaothylphenylserines (2,3) • Reversal of 
isomer solubility order was encountered in passing from the 
Table $ 
N-Acyl-O-methylphenylaerines 
Acyl 
Group 
Sterie 
Form (a) 
Free Acid p-Phenylethylamine salt 
M.p., M.p., OG. 
I-Benzoyl A 166-167 181|.-188 
K-Benzoyl B 220-222 169-171 
N-Garbobenzoxy A 103-105 132-135 
N-Garbobenzoxy B li|.0-lij.2 80-86 
(a) Arbitrarily designated diastereomers, relative configura­
tion unknown. 
(1) M. M. Botvinnik, G. Ya, Gaukhman and I. S. Severin, 
Doklady Akad, ffauk. S.S.3«R,. 63, 269 (191^8), Original 
not seen* !At)Stracte<i in C.A.,*X3« 212)4 (1949)• 
(2) H. D. Carter and E. J, ¥an Loon, J. Am« Chem. Soc., 60, 
1077 (1936). 
(3) H. E. Garter and W. G. Risser. J. Biol. Chem.. 139. 255 
(195-1). 
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acylated acids to the corresponding phenylethylamine salts. 
Since the same phenomenon was observed with N-acylated 0-
methyl threonines, threonines and a-arriino-p-thiol-n-butyric 
acids, it appeared that phenylethylamine might be generally 
applicable in separation and purification of such isomeric 
pairs• 
Uamerous H-acyl derivatives of phenylasrine have been 
synthesized (Table 6), in many cases by use of the Schotten-
Baumann technique. The influence of acylation conditions on 
the nature of the product was reflected in early literature. 
Benzoylation of phenylserine in sodium carbonate solution was 
stated to give predominantly a-benzamidocinnamic acid azlac-
tone, along with a small quantity of material, m.p. l6o°, which 
may have been N-benzoylphenylserine (1). Attempts to prepare 
N,0-dibenzoylphenylserine, by treating the H-benzoyl compound 
with benzoyl chloride in sodium bicarbonate solution, were 
fruitless, only the azlactone being formed in minor amounts (2). 
Uncertainty as to reaction course in acylation of phenyl-
serine has been eliminated in part by recent studies of 
Weitnauer (3)* Only a single product, the yellow a-acetamido-
cinnamic acid azlactone, m.p. 153°# was obtained when acetic 
anydride was used under anhydrous conditions, regardless of 
(1) M. 0. Forster and K. A. H. Rao, J. Chem. Soc.. 19i!-3 (1926). 
(2) P. Bettzieche and H. I.Ienger, S. physlol. blaetn., 172, 
55 (192?). 
(3) G. ?(?eitnauei>, Gaza, chlm. ital., 81. 1^6 (1951). 
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Table 6 
N-Acyl Derivatives of Phenylserine 
Acyl Group Yield M.p., °C. Ref. 
N-£-Toluen0Sulfonyl 88 191-192 (1) 
H-a-Broraoisocaproyl 75 115-120 (2) 
K-Chloroacetyl G5 155-157 (2) 
167 (3) 
N-a-Ciiloropropionyl 25 I6I (ij.) 
H-Benzoyl 65 158 (5) 
156 ^ (6) 
160-161 (7) 
K-Acetyl 65 - (6 
152 (7 
K,O-Diac0tyl - l4l-ll|.2 (7) 
N-Dlchloroacetyl 37 170 (8) 
73 m (6) 
(1) P. Bettzieche, Z, physiol. Chem.. 150. 177 (1925). 
(2) E, Abderhalden and 3. Buadze, Permentforschung, 8, li87 
(1926). •" 
(3) M« Bergmann, V. Schmitt and A. Miekeley, Z* physiol. 
Ghem.. 187. 261^. (1930). 
(if) J. P, Groenstein, V. E. Price and F. M.Lauthapdt, 
J. Biol. Chem. 175. 953 (191^8). 
(5) F. Bettzieche and R, Menpier, Z. Dhysiol. Chem., 172, 
56 (1927). 
(6) D. Vf. Woolley, J. Biol, Ghem.. 185. 293 (1950). 
(7) G. f^eitnauer, gazz. chim. i'tal•ol. 156 (l95lK 
(8) D. Billot, Copg>t. rend., 231. 295^*1950). 
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temperature or whether pyridine or other anhydrous solvents 
were present. In aqueous solution under Schotten-Baumann con­
ditions, a tyhite substsnoe was produced in small yield (1,2). 
Despite the fact that this material displayed the same chemical 
and physical properties, including melting point alone and 
mixed, as the azlactone, it was formulated as a "lactimide", 
althouf^h no evidence was advanced to support this obsolete 
structure. Prom earlier preparation of the azlactone in 
colorless form under anhydrous conditions (3), and from easy 
decolorization of the yellow form by recrystallization from 
methanol, Albert! and Vercellone have conclixded that the 
"lactimide" and the azlactone are identical Treatment of 
phenylserine in aqueous medium with acetic anhydride under 
alkaline, neutral or acid conditions gave, as well as the 
"lactimide", a mixture of U-acetyl and N,0-diacet7fl deriv­
atives in good yield, the relative proportion varying with 
conditions (1). An interesting exemplary procedure described 
formation of 5l grams of crude acetyl compound, m,p, 138-114.0°, 
from addition of acetic anhydride to a boiling aqueous solu­
tion of 50 grams of the hydroxyamino acid, the monosubstituted 
product crystallizing readily from water and the diacetyl 
(1) G. Weitnauer, Gasz, chim. ital., 8I, 156 (195l)» 
(2) G. Carrara and G. Weitnauer. IbldTT 29, 856 (19i>.9). 
(3) M. Berj^mann and D, Delis, Ann«, 45p«7o (1927). 
(4) G* G* Albert! and A. Vercellone, Ckiiaica e industria 
(Milan), 21, 359 (1951), 
- 53 -
derivative being worked up from the mother llqiior tlirough 
dioxane-ethor. When phonylserlne v/as refluxed \vith glacial 
acetic acid, decomposition occurred. 
Benzoylation proceeded along similar lines. Only a-
benzamidocinnaiaic acid azlactone, m.p, 167-168°, was produced 
by action of benzoyl chloride on phenylserine in presence of 
pyridine. Schotten-Baumann conditions gave almost exclusively 
N-benzoylphenylserine. The K,0-dlbenzoyl compound was 
reportedly obtained in an itapure state, but procedural details 
were lacking. V/eitnauer concluded that in strongly alkaline 
media monoacylation prevailed, whereas mostly diacyl deriva­
tives formed imder weakly alkaline, neutral or acidic condi­
tions. 
N-Acylphenylserines are of some interest as a potential 
source of oxazolones, wliich would be of use in effecting 
epimerisation, i«e» proceeding from the phenylserine to the 
allophenylserin© series. Oxazolone formation was not noted 
in treatment of N-benzoylphenylserine in ether with thionyl 
chloride, only the unsaturated azlactone being produced. 
Similar negative results were reported in another investiga­
tion (1). In this case, thionyl chloride acting on L-N-
acetylphenylserine ethyl ester was believed to give chiefly 
the corresponding p-chloro compound. 
(1) K. Vogler, Helv. Ghim. Acta. ^ 2, 2111 (1950) 
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Various acyl de: vatlvca of phenyiserine ethyl ester 
(Table 7) liavo been prepared. These were of interest both 
as synthetic intermediates and as compounds of possible 
chemotherapeutic value• 
Particular attention has been given to H-dichloro-
acetyl-£-nitrophenyl3erlno, which differs from chloramphenicol 
only in having a terminal carboxyl instead of a hydroxymethyl 
group. The sanio prodvict resulted from Schotten-Bauraann 
dlchloroacetylation of £-nitrophenylserine, regardless of 
whether the latter was obtained by direct nitration of phenyl-
serine, or by the Rosenmund-Dornsaft route (1). Direct 
KH*G0*CHC1' 
£-02^.05111^. GHOH* CHI-IH2 * £-02® • . GHOH. Cli. COOIi 
m.p. 176°: 27^ yield 
nitration of K-dichloroacetylphenylserine gave only amorphous 
products (2). Better results were reported from cold fuming 
MI'AC 
I 
C5H^»CH0H.CH.C00H 
RA.CO.CIICI2 
£ - 0 2 N * C H O n . G H . C O O I I  —  
m.p, 158-162° ! 1% yield 
ITH'Ac 
I 
-3^ £-02K*C5Hij •CHOH'CH.COOH 
m.p. 186-1870. 62Ji yield 
£-02N.C£,Hf,_. CliOH. CH. COOH 
m»p. ? s yield 
(1) D. Billet, Compt. rend.. 231, 293 (1950). 
(2) D. W. FvQolleyr'J. Biol. Clim.. 1S5. 293 (1950). 
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Table 7 
Phenjlsorine Ethyl Ester Acyl Derivatives 
Acyl Groiip ^ Yield M.p.,°C. Method Ref. 
L-N-Acetyl (a) 
IDC 
86 120-122 AC2O, HOAc, room temp. (1) 
N,0-Diac©tyl (b) 
91 
168-169 
169-170 
unspecified 
AC2O, heat or 
( 2 )  
(3) 
K-Dichloroacetyl 96 
86 
65 
153-I5i|-
1^ 9-150 
150 
acid chloride, ether 
Schotten-Baumann 
methyl dichloroacetate 
i k )  
(5) 
( 6 )  
N-Dichloroacetyl-
0-acetyl 0^ 80 
186-187 
183-185 
AC2O, C^%K, reflux 
AC2O, room temp. 
i k )  
(5) 
N-£-li'itrobenzoyl fl 
K-£-Aialnoben2oyl 76 
I-p-Toluen03ulfonyl54 
i-I-3,5-Dinitro- Sli 
119 
195 , 
103-10I4. 
Iif9 
Schotten-Baumann, Me2G0 
nitro compound reduction 
Schotten-BavBr;inn, MepCO 
Schotten-Bau : "in, KepCO 
( 6 )  
( 6 )  
( 6 )  
( 6 )  
N-£-Clilorobon2oyl 55 
lI-p-MethoxybGHZoyl 73' 
H-2-Chloroclncho- of 
ninyl 
106-107 Schotton-EaiJiaann, MeoCO 
131 Schotten-Baumann, Me2C0 
173 Schotten-Bamann, Me2C0 6)  
M = 0 ± 1° (0 2*006 in raethanol) 
(b) Fuming nitric acid gave iJ,0-dlacetyl-£-nitrophenylserine, 
m.p. 122-12l{.® (2). 
(1) K. Vogler, Helv. Chira. Acta. 21p 2111 (1950). 
(2) C. G. Alberti, B. Aaoro, B. Camerino, R. Sannlcold and 
A. Vercellone, Chlraica e Industria (Milan)« 31. 
357 (19i|-9). 
(3) Carrara and G. V/eitnauer. Gazz. chim. ital,, 79. 
856 (1949). ^ 
(if) CT. Carrara, P. M. Chiancone, V. D'Amato, E. Ginouhliac, 
C. Martinuzzi and G, «eitnauer, ibid., 80, 709 (1950). 
(5) C. p. Huebner and C. R. Scholz, J. Am. Bhera. Soc.. 73. 
2089 (1951). 
(6) J. Buchi, S. Gontini and H. Liobsrherr, Hslv. Chim. Acta, 
27ij. (1951). 
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nitric acid treatment of crude N-acetylphenylserine, hydrolysis 
of the nitro product by refluxing with 6 N hydrochloric acid 
and final Schotten-Baumann dicliloroacetylation. 
An alternative approach has involved ethyl ester deriv­
atives. N-dlchloroacotylphenylserine ethyl ester with fuming 
M.CO.CHGlp 
I 
G£,H5*P«CH.C00C2H5 
OH 
NH*C0»GHC1; 
• CH • CH. G OOC 2% 
OAc 
I 
NH»C0«CHC1' 
CH* CH* G00C2H^ 
O.NOP 
m.p. 130-131°! 86^ yield 
IM»GO»CHCLP 
i 2 
£-02K•05!^ •CH.CH.COOGgH^ 
OAc 
m.p. 127-1280: 92% yield 
,-«o NH.CQ.CHClp 
m.p. 177-178° I 
yield p.-02K*C^H|^.CHOH.GH.COOC2H^ 
mixed m.p. 179-181° 
.m.p. 181-183° 
' ? % yield 
nitric acid at -30° underwent simultaneous ring and side-chain 
nitration, hydrolysis according to the selective Kunz techni<pe 
being used to remove the {3-nitrate radical to give N-dichloro-
acetyl-£-nltrophenylserlne ethyl ester (1), To demonstrate 
that no epimerization had occurred, this compound was also 
prepared by similarly nitrating N-dic: loroacetyl-O-acetyl-^-
nitrophenylserine ethyl ester, with Kunz hydrolysis as before 
(1) G. Carrara, P. M. Chiancone, V. D'Araato, B. Grinouhliac, 
C. Martinuzzi and G. '^'eitnauer, Gazz. chim. ital., 
BO, 709 (1950), 
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to cleave the O-acetyl group. Somewhat different conditions 
were employed In another study (1). N-Dichloroacetyl-0-
acetylphenylserine ethyl ester was nitrated at 0® with fuming 
nitric-sulfijirlc acids to give a hemihydrated product, which, 
upon hydrolysis with cold 1 N methanolic sodium hydroxide, 
yielded not only tlie desired II-dichloroacetyl-£-nitrophenyl-
serine, but also a-dichloroacetamido-£-nitroclnnamic acid 
ethyl ester, the latter with interesting acidic properties. 
£_-02N. • C H=G • C00C2H^ £-02N • • CHOH • CH« COOH 
m.p. I5l-l55°t 2.k% yield m«p. 173-175°: 68^ yield 
due to conjugative effects. Attempts to effect acid hydrol­
ysis of H-dichloroac©tyl-£-nitrophenylserine were utnsuccess-
ful. Huebner and 3cholz attributed the differences which 
they observed botv/een their N-dichloroacetyl-£-nitrophenyl-
serine and Woolley's preparation, in respect to crystal form 
and melting point (mixed m.p, l58-l65°), to the presence of 
impurities in the latter instance. 
NH.GO.CHClg 
OAC 
HH.CO.CHCI2 
^ £-02^.0^1^.CH.{!;H*C00C2H^*1/2H20 
OAc 
m,p, 108-109°: 78^ yield 
WH'CO'CHClo I <- NH. CO'011012 
(1) 0. P. Huebner and 0. R. Scholz. J. Am. Chem, Soc,. 73. 
2089 (1951). 
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Table 8 
Phenylserine Peptides 
Peptide % Yield M.p.,OC • Route Ref. 
G-lycylphenyl serine 80 188 (dec . )  amination ( 1 )  
DL-Leucylphenylserine 61 206 (dec .) amination ( 1 )  
N-Benzoylglycylphenyl-
serine 16 1J4-3 
Schotten-
BauBiann (2) 
H-Gax*bobeii2oxyglycylphenyl> 
serine ethyl ester 
*• 
1^9-151 
Schotten-
Bavoaann (3) 
H-C arbob enz oxyglycyl-
phenylserine - 161-163 hydrolysis (3) 
H-Carbobenzoxyglycylde-
hydrophenylalanyl-
phenylserine 168-170 azlactone (3) 
H-Benz oyld ehydropheny1-
alanylphenyls er ine - 180 (dec .) azlactone (3) 
K-Acetyldehydrophenyl-
alanylphenylserine - 226-228 (dec. }azlactone (3) 
H-Acetylbls(dehydrophenyl-
alanyl)phenylserine m 223-225 (dec.)azlactone (3) 
H-Acetyltris(dehydrophenyl-
alanyl)phenyls0rin0 
monohydrate - 199 (dec azlactone (3) 
(1) B. Abderhalden and S, Buadze, Pementforschun^^, 8, kS? 
( 1 9 2 6 ) .  -
(2) P. Bettzieche and R, Menger, Z. ph.jsiol» Chern#, 172, 
56 (1927). 
( 3 )  D. G-* Dohertjj S, E. Tietzman and M* Berppiann, J. Biol. 
Chem.« 1II7, 617 (19i!.3). 
This group of studies indicates that the short rout© 
followed by Billet to K-dichloroacetyl-£-nitrophenyl3erine or 
the parent acid is the most practical. Protection of side-
chain functional groups during nitration is not essential, 
reaction occurring without appreciable epitnerization. 
Phenylserine peptides and acyl peptides listed in 
Table 8 were prepared by amination of the corresponding a-
haloacyl compounds, by use of the Schotten-Baumann technique, 
or via the azlactone method. 
C^H^'GHOH.CH.GOOH 
NH 
^ I 
C£,H^'CH«C»C0 
R»CO.NH 
R = alkyl or aryl 
Reaction of phenylserine with phenylisocyanate, under 
conditions similar to those of Schotten-Baumann acylation, 
gave a 1$% yield of the IJ-phenylureido derivative, m.p. 
19i|.-195°, which cyclized almost quantitatively with hydro­
chloric acid to the corresponding saturated hydantoin, 
m»p. 220° (1)* Acetic anhydride in pyridine thence produced 
in good yield the 0-acetyl derivative, m.p. 166-167®, which 
brief treatment with ammonium hydroxide converted quantita­
tively to benzalphenylhydantoin, m.p. 255°1 readily 
G^H^'CHOH'CH.COOH 
+ NH2 
G^H^'CH^C C 
I 
R 
(1) M. Bergmann and D. Delis, Ann.« lj.58. 76 (1927). 
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C^H^.CH-CH.COOH 
OH ITH2 
AcO HH li 
0=0 
'6% 
II 
0 
•CH=»C — G«0 
HN il*C 
II 
0 
6^5 
C^H^'CH.GH.COOH 
OH NH Kn'OiHc' 
)I 
0 
G^H^. cn.cH—c»o 
OH NH H*C6H5 
T 
0 
C^HR-'GH^'CH-
'6"5 
=0 
c-
II 
0 
characterized by facile catalytic hydrogenation to th© phenyl-
hydantoin of phenylalanine. 
Several phenylaerine hydantoins were prepared by direct 
condensation of aromatic aldehydes with hydantoin, in the 
course of a recent study designed to correlate structure with 
reactivity of aromatic aldehydes (1), Th© nature of the 
X'C^i^*CH=o + TCH-NIR 
GO-NH 
GO ^ ^ 1 1  > 0  
~0 GO-M 
X'G/Hi •GH=C —NE 
'6% 
GO-NH 
X 
GO 
-C—HH 
- X'GaH) •GH-CH-NH. 
> 0  ^ 1 1  ^ G O  
HO co-im^ OH GO-im 
phenylaerine hydantoin 
(1) A. P. Phillips and J. G. Murphy, J. Org, Chein,, l6, 
951}. (1951). 
- 6l -
Table 9 
Phenylserine Hydantolns 
X ^ Yield ^Aldehyde M.p., 
recovered 
£-H02 S? 11 253-2^ 
RA-HOG 79 21 216-217 
H 22 77 213-214 
183-185 (a) 
(a) Low melting diastereomer crystallizes more slowly from 
water. 
nuclear substituent affected both the yield and type of prod­
uct formed, by its Influence on the positive character of the 
carbonyl group and consequent susceptibility of the latter to 
nucleophilic attack. The following order of reactivity was 
observed: j^-NOg) m-N02 )) » £-CH30 ) £-(^3)2^. With aldehydes 
containing the last two groups, no phenylserine derivative was 
produced, indeed, only negligible amo^ants of unsaturated 
hydantoin. Results were explained on the basis of 
resonance and electronic effects in both the starting 
aldehyde and intermediates formed: for exanole, croatar 
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contribution by form A with £-nltrobenzaldehyd® would enhance 
susceptibility of the carbonyl group to nucleophllic attack 
and also stabilize the aldol product, whereas with £-dimethyl-
aminobenzaldehyde the influence of form D would effectively 
block reaction. TriethylaminG and piperidine were equally 
effective as basic catalysts. Aldol formation was facilitated 
by mild reaction conditions, greater amounts of xinsaturated 
product forming with increasing reaction time and concentra­
tion of base enrployod. The interpretations of this study 
are of significance insofar as they can be extended to other 
condensation reactions whereby phenylserine derivatives are 
produced. 
Treatment of phenylserlne with dimethyl sulfate resulted 
in deep-seated decomposition (1). Apparently, no simple N-
or O-methyl derivative was formed. Isolation of ordinary 
betalne and tetramethylammonium salts, as well as a little 
cinnamie acid, from the reaction mixture showed that cleavage 
of both G-C and C-N bonds had occurred instead. The erroneous 
Interpretation was recently made (2) that Dakin had prepared 
a true betalne of phenylserlne. 
{1) H. D. Dakin, J. Biol. Chem.. llj.0. 8lf7 (191^1)» 
(2) E. S. Howe, "Properties of Amino Acids", In Greenberg, 
ed., "Amino Ac5-ds and Proteins", Charles C. Thomas, 
Springfield, Illinois, cl95l, p. i|.3. 
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6. Oxidation 
Isoserines have been dlstlnguislied from serines by 
treatment of their N-acyl derivatives with lead tetraace­
tate (1). Under t^e conditions employed only the K-acyliso-
serines were cleaved, Unreacted oxidant was estimated iodo-
metrically, 
-CH-CH*COOH -CH.GHO + COP 
I I ^ I 
-HH OH -m 
Oxidation with potassium permanganate was used by 
Oesterlin {2} to differentiate phenylserine from the phenyl-
isoserines. The former gave only benzaldehyde and ammonia, 
whereas the latter were degraded to phenylglycine. 
G^H^-CHOH'CHNHG'COON ^ C^H^«CHO -»- NH3 
G5H^*CHHH2-CH0H'C00H ^ G^^H^'CMHG'COOH 
The method proved inapplicable to N-aryl or H-alkyl deriv­
atives, with benzoic acid and benzaldehyde the only products 
in either series (3), 
(1) F, Knoop, P. Ditt, W. Heclcsteden, J. Maier, W. Merz, 
R, Harlo, Z. physiol» Chem.. 239. 30 (1936). 
(2) M, Oesterlin, Metallise. 1^. 1237 ll929). 
(3) 15, Pourneau and J. H, Bille'^r, Bull, soc, chlm.. 7. 
I, 593 (191+0). 
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Chloramin0 T was found to be a useful agont for oxidative 
decarboxylation of phenylserine (1). With the D-antipode of 
the hydroxyamino acid in citrate buffer at pH L-niandelic 
acid could be obtained, via the intermediate mandelonitrile, 
C^H^'CH0H'CHNH2*C00H + 2Ts.NCl.Na 
I 
G^H^'CHOH'CN + CO2 + 2Ts-lTn2 + 2NaCl 
providing that the latter was speedily extracted from the 
ifiedium to minimize racemization. 
7* Reduction; chloramphenicol synthesis 
An early instance of reduction of phenylserine derivatives 
involved treatment of the ethyl ester hydrochloride liTith Gri-
_ gnard reagents (2). Phenyl magnesium bromide gave 
. CHOII. Cl-milg»COOC2O^li^ • CHOH* CHNH2 • GRgOH 
R = or C5H5»CH2 
l,l,3-triphenyl-2-ariiino-l,3-propanediol, m,p. 154-155®, in 
l\.Q% yield. Benzyl magnesium bromide was less effective, 
yielding only 13^ of l,l-dibenzyl-2-amino-3-ph6nyl-l,3-
propanediol, m.p. 126-127°. 
(1) K. Vogler, Helv. CMm. Acta. 2111 (1950). 
(2) F. Bettziecii© and R. U^nf^eVt Z. physiol. Chem., 172, 
6I|. (1927). 
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Revelation of the structure of chloramphenicol (1) 
focused attention on the possibility of using phenylserine as 
NH'CO'CHClp 
I ^ 
CH-CH*CHpOH Chloramphenicol 
I ^ 
OH 
a synthetic precursor for the antibiotic. Accordingly, in a 
nmber of independent investigations, phonylserine esters 
wore reduced in up to 76;^ yield with lithium aluminum hydride 
in anhydrous ether (2,3,i]-,5,6,7) to phenylserinol. This was 
^ C^HT^-CH0H.CHNN2*CH20H 
converted to chloramphenicol by methods already described (8). 
Catalytic hydrogenation of phenylserine ethyl ester over 
Raney nickel was described in detail in a recent patent (9)* 
Similar reduction was claimed not only for esters of ring 
(1) M» G. Rebstock, H. M. Crooks, Jr., J. Controulis and Q,. R. 
Bartz, Abstracts of Papers, ll5th im» Chem» Soc« 
MEETINF^. P* (19)4-^)« 
(2) C* G. Albert!, B. Asero, B. Gamerino, R. Sannicold and A. 
Vercellone, Ghimica e industria (Milan), 31, 357 
(l9i|-9). 
(3) G-* Carrara and G, Weitnauer, Gazz. chim, ital., 79. 856 
(19i^.9). 
{14.) K. K. P. Shaw, and S. W. Pox, Abstracts of Papers, lldth 
Am. Ghem. Soc. Meetin.T;, p. 25N (1950). 
(5) K. Voaler,"Helv. (jhim. Acta, 33, 2111 (1950). 
( 6 )  K. Hayes ancj G. Gever, J. Ghem., 16, 269 (195l)» 
( 7 )  G, P. liuebner and C. R. Scholz, J. Am. Ghem. Soc., 7 3 ,  
2089 (1951). 
(8) J. Controulis, M. G. Rebstock and H. M. Crooks, Jr., 
ibid.. 71, 2463 (19i-l-9). 
(9) G. W. Moersch~(to Parke, Davis and Co.). U. S. Patent 
2,536,792. January 23, 1951. 
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substituted phenylserines, but also for various allophenyl-
serlne esters, Ko infoi^mation was provided on the physical 
properties of products or starting natarials, or on the origin 
of the latter. 
The feasibility of improving efficlenty or of curtailing 
the number of stops from phenylserlne to chloramphenicol by 
use of an appropriately substituted derivative has also been 
studied. N,0«diacstylphenylserine ethyl eater, with lithiixta 
aluminum hydride in ether-chloroform, gave, among other pro­
ducts, one melting at 132-13i}-°, Miich did not depress the 
melting point of authentic N-acetylphenylserlnol (1), Treated 
in similar fashion, N-dichloroacetyl-£-nltrophenylserlne gave, 
after Alorco chromatography, a non-crystalline gum in which 
the antibiotic, in racemlc form, was probably the predomi­
nating constituent, as indicated by Shlpalla paradysenterlae 
assay (2). The selectivity of lithium aluminum hydride in 
reducing such polyfunctlonal compounds was established by 
Pelkln (3). 
(1) G. Carrara and G. Weltnauer, Gazz, chira. ltal.« 79, 
856 (19i!.9). 
(2) G. P, Huebner and G. R. Scholz. J. Am. Chera, Soc.. 73. 
2089 (1951). • 
(3) H. Felkin, Compt. rond.. 230* 30li- (1950). 
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G. Biochemistry 
1, ijilmal feeding experiments 
Study of the biochemical properties of phenylserine was 
initiated by Dakin (1). Substantial amounts of hippuric acid 
were recovered from the urine of cats after subcutaneous 
injection of solutions of the hydroxyamino acid, with no other 
product demonstrated. Similar results were obtained upon 
feeding phenylserine (2), or its higher homologues (3), 
y-phenylthreonine and S-phenyl-p-hydroxy-norvaline to dogs. 
On the basis of these findings, p-oxidation was postulated as 
•GHOH' CHIJHG • COOH • GH2 • CHOH* 01117112 • COOH 
G^H^*GOOH + OHGMIG'GOOH G^H^'GHG'GOOH + CH2IRA2*C003 
the cardinal feature In metabolism of a-amino-p-hydroxy acids, 
with concurrent liberation of glycine in the intermediate step. 
0 0 
V 
Y 
G5H^C0'KH«GH2'C00H C5H5»CH2»C0»NH.CH2«C00H 
(1) H. D. Dakin. J. Biol. Ghem,. 6. 23^ (1909). 
(2) F. Knoop, Z, phjaiol. Ghem.. l5l (19lil.) 
(3) P* Knoop, 'P, Ditt, W, Heckste'ien, J, Maier, 
H. narle, 30 (1936). 
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Armstrong and Lewis (1) pointed out that, in earlier 
animal feeding experiments of Dakin and of Knoop, recoveries 
of hippuric acid were sufficiently low to leave uncertain 
whether all phenylserine was metabolized to benzoic acid# 
Using synthetic diets with which it was possible to detect 
formation of either phenylalanine or tyrosine from possible 
dietary precursors, they found that not only did phenylserine 
have no growth promoting activity for young white rats, but 
that it was actually slightly toxic as part of the limited 
ration. It was stressed, however, that these results did not 
preclude the possibility that allophenylserine, which these 
investigators had unsuccessfully tried to synthesize, might 
serve in lieu of phenylalanine or tyrosine in the diet. 
2. Intermediary metabolism: relation to adrenaline biosynthesis 
It was first pointed out by Priedmann (2), who established 
the structure of adrenaline, that some proteins might con­
ceivably contain £-hydroxyphenylserine or its N-methyl deriv­
ative. Nuclear oxidation of the latter in vivo would give 
£-H0.G^H|^*CH0E-C!-mH2*C00H a- £-H0*C^H|^.GH0H-GH(NH-CH2) •COOH 
I 
3 A- (HO) 2C6H3• GHOH• CHglJH*CH^-^ 3,4" (HO )2C6^3*^HOH'CH(NH' CH3) • COOH 
(1) M. D. Armstron?^ and J. D. Le\7is, J. Biol. Chem., I86, 
81^9 (1950). 
(2) E. Priedtnaiin, Beltr. chera. Physiol. Path.. 95 (I906). 
- 69 -
"Adrenalinsaur©", from v/hich the hormone Itself could arise by 
enzymatic decarboxylation. However, the apparent susceptibility 
of phenylserins to p-oxidation led Knoop to feel that the 
hydroxyaiaino acid was •unlikely to bo the biological adrenaline 
precursor (1). 
The alternative view that adrenaline might derive from 
tyrosine was regarded poorly by Rosenmund and Dornsaft (2), 
because of known facile metabolic side-chain degradation with 
the latter, and because its addition to macerated adrenals 
failed to increase their vasopressor activity. Two new possible 
routes of adrenaline synthesis were presented, with phenyl-
serine, or its 3,il--dihydroxy derivative (DOPS) as hypothetical 
intermediates. The first started from phenylalanine, as shown 
in Pig. 1, whereas the second path proceeded from 3,i]--dihydroxy-
phenylalanine (DOPA) in similar fashion. It was further 
speculated that both DOPA and DOPS might be normal constituents 
of proteins, but not easily demonstrated due to lability under 
usual conditions of isolation and protein hydrolysis. 
While welcoming synthesis of DOPS as a potential contri­
bution to knowledge of the mode of adrenaline formation, 
Knoop criticized the scheme of hypothetical precursors out­
lined above, both for want of direct experimental evidence, 
(1) P. Knoop, 2. Physiol. Ghem.. 89. l5l (19li{-). 
(2) K. W. Rosenmund and H. DornsaTt, Ber.. lysk (1919): 
Arb. Pharm. Inst. Univ. BerlInT 12.73 (1921). 
- 70 -
C^H^'CHG'GHNHG'COOH > C^H^*GH2*CH2*C00H ^ C^H^.CHG'COOH 
phenylalanine p-jjhenylpropionic acid phenylacetlc acid 
-GO; 
OH 
2 C^H^.G-CHNH2»C00H < 
COOH 
CHOH' CliNHg • COOH 
phenylserlne glycine 
C^H^CHO 
C^II^.CO»COOH 
-CO2 phenylglyoxylic 
acid 
benzaldehyde 
3 A- ^ HO) 20^11^ * CHOH* CHHH2 • COOH 
3,4-dihydroxyphenylserine (DOPS) 
C^H^-COOH 
benzoic acid 
3 ,4- {HO) 2C6H3 • GHOH* GmniCH3 • COOH 
"Muttersubstanz des Adrenalins" 
•3,4-(HO)2C ^ H^•CHOH.CHg•NHCH^ 
adrenaline 
Fig> 1 Rosonrnxind-Dornsaft Scheme for Adrenaline /biosynthesis 
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and for its failure to consider such known facts as the p-
decarboxylative degradation of fatty acids, absence of phenyl-
propionic acid from animal netabolism, and stability of 
phenylacetic acid toward farther biological degradation (1). 
Rosenmund and Dornsaft (2) then defended their hypothesis on 
the grounds that adrenaline was not necessarily the sequel of 
a normal amino acid degradation, but more probably arose by 
an anomalous path more alcin to thoso encountered in bacterial 
metabolism, Lo?/ hormone content of the adrenal medulla favored 
such a view, Knoop closed the argument (3) by underlining the 
need for further investigation rather than hypothesization to 
clarify the picture, but simultaneously speculated that 
tyrosine might yet prove to be the biological adrenaline 
precursor, since its failure to increase the vasopressor 
activity of macerated adrenals would not of necessity parallel 
its action in the intact organ, nor was its fs-oxidation in the 
side-chain improbable. 
During succeeding decades, little attempt was made 
experimental1J to verify or to discredit the Rosenmund-Dornsaft 
hypothesis for adrenaline biosynthesis, partly due to 
accumulation of evidence which seemed to support alternative 
routes. An isolated report (i^.) noted that subcutaneous 
(1) P. Knoop, Ber,, 2266 (1919). 
(2) K. 1. Rosenmund and H. Dornsaft, Ber., 317 (192O). 
(3) P. Knoop, Der., 716 (1920). 
(4) M. Guggenheim, "^ie biogenen Amine", Karger, Basle and 
New York, 19l|-0, p. li.31. 
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injection into rabbits of DOPS up to 100 rag. per kilogram was 
without effect on arterial blood pressure or blood sugar level. 
Recent resurgence of interest has resulted in an extensive 
series of papers dealing with this phase of phenylserine bio­
chemistry# 
The decomposition of phenylserine and £-hydroxyphenyl« 
serine by animal tissues has been investigated by Vserle and 
his group (1,2). Under aerobic conditions, oxygen uptake, but 
no ammonia evolution, was observed with both compounds in 
presence of guinea-pig liver or kidney slices at pH 
but not at pH 8. Organ extracts were more active than slices 
in attacking £-hydroxyphenylserine, but hai'dly affected phenyl-
serine, thereby suggestinf- two distinct enzymes to be Involved. 
Althou^^h no products were isolated, p-oxidative cleavage 
according to Knoop's scheme was considered to have occurred. 
Under a nitrogen atmosphere, phenylserine showed no sign of 
degradation. By contrast, £-hydroxyphenylserine was rapidly 
but incompletely decarboxylated at pH 7.1 by extracts from 
guinea-pig or rabbit kidney, beef kidney, pancreas or adrenals, 
and horse adrenals. Dialysis of material precipitated by 
aiamonium sulfate achieved some concentration and purification 
of the enzyme, which differed sharply from other mammalian 
(1) S. Werle, S. Briininghaus, Chang-Tok, 0. Ehrismann, E. v. • 
Peclmajin, W. Peschel and A. Zabel, Anp:ew, Chem.. 6o. 
5L (19!' 8). """• 
(2) S. Werle and W. Peschel, Biochem. Z.. 320, 1 (I9I4.9). 
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amino acid decax^boxylases In its loss of activity upon stand­
ing; for a few hours, and in its stimulation by ascorbic acid, 
or by 10"-3 M cyanide (10"^ M inhibited} 10"^ M had no effect). 
On the basis of these findir.go, the question of £-hydroxy-
phenylserine or DOPS decarbo2:ylatability in relation to 
adrenaline formation was deemed worthy of reinvestigation. 
At that time, DOPS attracted t) interest of Blaschko and 
co-worlrers, in the course of tl- Lv studios on amino acid 
decarboxylases. With acetone-dried preparations of Strepto­
coccus faeealis R, which possessed L-tyrosine decarboxylase 
activity, carbon dioxide was slowly evolved under anaerobic 
conditions to an extent corresponding to 1|.7^ DOPS decarboxyla­
tion (1,2). Pharraacolo£;ical assay of the incubated solution 
on the arterial blood pressure of the spinal cat and on rat 
uterus muscle showed that J^-noradrenaline had been simultane­
ously produced in aimtiounts corresponding closely to the carbon 
dioxide llboratocl. By contrast, DOPS, alternatively naned nor-
adrenalinocarboxylic acid, was reported to be unaffected by 
extracts of guinea-pig adrenals or kidney, tho latter contain­
ing L-DOPA decarboxylase. This negative finding v/as inter­
preted to mean that DOPS was unlikely to be a precursor of 
adrenaline or of noradrenaline. The K-iaethvl derivative. 
w 
(1) H. Blaschko, P. Holton and G. H. S. Stanley, Biochem. J., 
ij2, xlviii (1914-8). 
(2) H. Blaschko, P. Holton and G. H. S. Stanley, Brit. J. 
Pharmacol.. 315 (194.8). 
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adrenalinecarboxyllc acid, was not decarboxylated by a nxmber 
of mammalian tissue extracts, nor by bacterial enzyme prepara­
tions (1,2). The general failure of N-methylamino acids to 
serve as substrates was attributed to their inability to 
combine with the codecarboxylase, pyridoxal phosphate, to give 
the Schiff base seemingly involved in enzymic decarboxylation. 
Alternative schemes for adrenaline biosynthesis have been 
presented by Beyer (3), with detailed discussion of each step 
C^H^'CHO + 0112^2 •GOOH 
benzaldehyde glycine 
1 C6H5*CH2*CIMH2*C00H I A- C£^H^»CH0H.CHNH2*C00H 
phenylalanine phenylserine 
j jr? 
£-H0 • * CH2 * CHNH2 • COOH ^ £-H0 • • CHOH • CHIffi2 • COOH 
tyrosine £-hydroxyphenylserine 
1 , I 
3 ,1^.- {HO) 2G6H3 • CHg«CIINHg • COOH 9-3 ,!}•- (HO) 2^^% • CHOH« CHNH2 * COOH 
DOPA DOPS 
1 1 
3,I|.-(H0)2C£^H3.CH2*CH2.M2 ? ^ 3,I|.-(H0)2C£JI^*CH0H'CH2*NH2 
dihydroxyphenylethylamine noradrenaline 
V 
3 , Ij.- (HO2 ) C ^ H^ • CHOH . CHg • NH • CH^ 
adrenaline 
(1) H. Blaschko, Biochto. et Biophys. Acta, k, 130 (1950). 
(2) H. Blasclako, i', H.Burn and H.Lanf^Qraann, Brit, J. Pharmacol.. 
431 (1950). 
(3) S- H. Beyer, Advances In Chem. Ser. Mo. 2. 37 (1950). 
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in relation to supporting experimental evidence. New 
aigniflcant experiments concerning the phonylserines were also 
described. The oxidation of ^-hydroxyphenylserine to DOPS was 
observed to occur rapidly in presence of phenol oxidase# 
Contrary to the findings of the Blaschko group, it was noted 
that phenylaerine, £-hydroxyphenyls0rine and DOPS were 
decarboxylated by guinea-pig, cat or dog kidney under anaerobic 
conditions, at speeds paralleling that for DOPA. At pH 6.5, 
with dog kidney homogenate, rates were in the order phenyl-
serine >DOPA >DOPS. With guinea-pig kidney homogenate, 
where DOPS was decarboxylated least, addition of the corre­
sponding amines caused inhibition of degradation for both DOPA 
and DOPS. Injection of DOPS into the artificially ischemic 
kidney in a cat, followed by release of circulation, resulted 
In a well-sustained sharp rise in blood pressure. After 
return to a low level, further intravenous injection of DOPS 
caused a still greater blood pressure Increase, Upon intra­
venous injection in dogs, phenylserine, £-hydroxyphenylserin0, 
DOPS and adrenaline were increasingly active In raising blood 
pressure, whereas DOPA had no action. These results were taken 
to be good presumptive avidence that the observed vasopressor 
effects were due to decarboxylation of the phenylserlnes. 
In favoring the phenylserine route to adrenaline, Beyer 
considered biological condensation of benzaldehyde and glycine 
not to be unlikely, although other paths to the various 
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possible phenylserine precursors were readily conceivable. 
The feasibility of this step has become more worthy of consid­
eration with the discovery in liver and kidney of various 
animals of an enzyme, named glyclnogenase, which hydrolytically 
cleaved p-hydroxyamino acids (1). The facts that disruption 
R »  R »  
R''-C»GHNH2*C00H ^ R"-C=0 + CHGNHG'COOH 
OH 
R« « H or CH3 R" » H, CH3, or 
proceeded at the same rate under aerobic or anaerobic conditions, 
and that j3-hydroxyvaline was among the compounds dissociated 
by the enzyme, tended to contradict Knoop's p-oxidatlon hypo­
thesis for hydroxyamino acids. It is of interest tliat allo-
threonine was attacked as vrell as threonine, suggesting lack 
of enzyme stereospeclficity with respect to the p-carbon atom. 
Glycine was determined by a selective colorimetr-ic micro-
method (2)« The ketonic cleavage products from the various 
hydroxyaminoacids were individually identified: in the case of 
phenylserine, bsnzaldehyde was trapped in the Conway diffusion 
apparatus as the £-nitrophenylhydrazone (3). It was observed 
(1) A. E* Braunshtein and G. Ya. Vilenkina, Doklady Akad. Nauk 
S.S.S.R.. 2k.3 {19k9)* 
(2) B. Alexander, 6. Landwehr and A. M. Selip^nan. J. Biol. 
Chem.. 160, 51 (19^^-5). 
(3) G. Ya. Vilenklna, Doklady Akad. Natxk S.S.S.R.. 69. 38^ 
(191^9). 
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that activity of the enzyruo was sharply lowered by carbonyl 
reagents, but was unaffected by e:xperira0ntal B^-avitaminosis 
in the rat liver. 
In the light of Beyer's findings, the effect of fresh 
guinea-pig kidney extract at pH 7*k- on DOPS under anaerobic 
conditions was reinvestigated (1,2). Carbon dioxide was 
liberated slowly, with concurrent formation of an equivalent 
quantity of l-noradrenaline, which was determined pharmacolog­
ically by its pressor action and its differential effect on 
normal or denervated nictitating membrane in the spinal cat. 
Extracts of guinea-pig liver, dog liver and kidney showed 
progressively less decarboxylative power. Failure in earlier 
runs was attributed to use of small araounts of tissue extracts, 
too short an incubation tirae to observe carbon dioxide forma­
tion and to not having tested for pressor activity. In a 
summary of substrate specificity requirements for amino acid 
decarboxylases (3), DOPS, 3,i|.-dlhydroxyphenylethylamine and 
£-hydroxyphenylethanolamine were briefly considered as 
possible adrenaline precursors. However, in a more extended 
review on biosynthesis of the hormone Blaschko favored 
(1) K. H. Beyer, H. Blaschko, J. H. Burn and II. Langemann, 
Kat^e. l65. 926 (1950). 
(2) H. Blaschko, H. Fiurn and H. Langeiaann, Brit* J« 
Pharmacol.. ^31 (1950). 
(3) H. Blaschko. Froc. Roy. Soc. (London), B137. 307 (1950). 
(i}.) H. Blaschko, '"^Biosynthesis of Adrenaline", in Pincus and 
Thiraann, eds. "The Hormones", Academic Press, New 
York, 1950, vol. 2, p. 617. 
a specific path which excluded DOPS, because of its slow rate 
N-CF3 , , P-OH 
I > epinlne — • 
1 t 
tyrosine s^DOPA 2»-dihydroxyphenylethylamine adrenaline 
f >- noradrenaline ' 
p-OH N-CH3 
of enzymic decarboxylation compared to DOPA, although he 
recognized that there was no experimental evidence for 
occurrence of p-hydroxylation after decarboxylation, nor for 
participation of epinine in the sequence presented. 
The latest publication by the group at Oxford described 
demonstration of noradrenaline in the urine of rabbits intra­
venously Injected with DOPS, after establls'iment of diuresis 
by an initial dose of vmter (1). The transformation still 
occurred in adronalectomized anixnals. Ho adrenaline was 
eliminated in either case. Pressor substances were not 
obtained from urine of normal animals, nor from that collected 
after injection of adrenalinecarboxylic acid. These findings 
provide further support for the implication of earlier in 
vitro studies that DOPS may be the natural precursor of nor­
adrenaline. 
Another recently tested approach involved partial exhaus­
tion of the glandular adrenaline store in fasted rats by 
subcutaneous injection of subconvulsive doses of insulin {2)« 
(1) C. 0. Schmi terlov/, 3rit • J• Pharmacol.. 6, 12? (195l)» 
(2) G. G* Van Arman, Am. J. PhysiolTT "M, I1.75 (1951). 
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Although glucose was fed after a definite interval, spontane­
ous recovery of the adrenaline store did not occur within six 
hours. Phenylserine, phenylalanine, tyrosine, tyramine, syn-
ephrine, epinine, noradrenaline and adrenaline did not permit 
regeneration of the adrenaline store during the six hour re­
covery period, whereas partial recovery was induced by a com­
plete diet, an amino acid mixt\are or DOPA. Toxic symptoms 
were observed both with phenylserine and DOPA in the doses 
used. Further study was deemed necessary to learn whether the 
six hour recovery period was sufficiently long for the various 
compounds to show their effect* 
The fact that none of the phenylserlnes have yet been 
found in proteins or other naturally occurring compounds con­
stitutes a major argument against their postulation as inter­
mediates in adrenaline biosynthesis. Even if this objection 
is overcome, the problem of firmly establishing the site and 
nature of each chemical step leading to the homone is compli­
cated by the diverse intermediary metabolic paths which 
phenylserlnes appear to follow, as well as by the complexity 
of the enzyme preparations used for in vitro investigation. 
3* Microbiological activity 
Study of the action of phenylserine on microorganisms 
commenced with the work of Beerstecher and Shlve (1), who 
(1) E. Beerstecher, Jr., and W. Shive, J. Biol. Chem.. l6ij.. 
53 (19I1-6). 
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observed that the compound competitively inhibited utiliEa-
tion of phenylalanine In Escherichia coll, Lactobacillus 
arablnosus 17-5« and Streptococcus faecalis R, with anti­
bacterial indices of 1000, 200 and 2C0 respectively. Toxic 
effects of greater than 3-10 mg. of phenylserlne per ml. of 
mediiaa to E. coll were only incompletely reversed by phenyl­
alanine. Tryptophan v/as one tenth as effective as an antag­
onist of phenylserine or p-2-thienylalanine, with progres­
sively lesser effect at higher inhibitor levels, and no 
effect at high phenylalanine concentrations. This suggested 
that tryptophan was a precursor of phenylalanine in the 
organism. Toxicity of phenylserine was one tenth that of 
(3-2-thi©nylalanine • 
Tyrosine was more active than phenylalanine In reversing 
p-2-thienylalanine Inhibition of S« coli growth, but in no 
way decreased phenylserine toxicity. Phenylpyruvlc acid 
interfered with neither antimetabolite. It thus appeared 
that vrtille p-2-thienylalanine prevented direct irreversible 
oxidation of phenylalanine to tyrosine in the organism, 
phenylserine interfered with a different unknown metabolic 
pathway (1), Upon dally transfer in a medium containing 
phenylalanine, E. coli became increasingly sensitive to 
tyrosine, until one part in thirty million completely blocked 
(1) E. Beerstecher, Jr., and W. Shlve, J, Biol. Chem,, 16?, 
i).9 (19if7). 
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growth (1). In levels required for normal development of 
other species, phenylalanine completely and non-corapetitively 
eliminated tyrosine toxicity, but phenylserine enhanced it. 
Thus, tyrosine had a controlling role in biosynthesis of phenyl­
alanine, Mioae utilization was dlstixrbed by phenylserine. 
A mutant strain of S« coli was unable to utilize glycyl-
phanylserine in place of its required exogenous phenyl­
alanine (2). The peptide likewise failed to display any 
sparing action on the natural ajnino acid requirement. 
Phenylserine has been found to cause $0% inhibition of 
Pseudomonaa aeruF,inosa growth at a level of one m,",. per ml. (3). 
This was of Chemotherapeutlc interest, since few compounds 
have been found with pronounced inhibitory action on this 
infective organism. 
Interest in antimetabolite activity of phenylserine 
sharpened when announcement of the structure of chloram­
phenicol (ij.) showed the similarity of the two compounds. 
Extensive investigation of the joint effects of the antibiotic, 
phenylserine and other amino acids followed (See Table 10). 
(1) E. Beerstecher,'Jr., and W. Shive, J. Biol, Chem., 167. 
527 (1947), 
(2) S. Siramonds, K. L. Tatum and J. S. Pruton, ibid,, I69. 
91 (W). 
(3) J. Martin and J. H. Moss, Am. J. Pharm,. 121. I69 
(19i^9). 
(It.) M, C. Rebstock, H. M. Crooks, Jr., J, Gontroulis and 
Q,. R. Bartz, Abstracts of Papers. llSth Ara. Chem. 3oc. 
Meetin.^:. p. 9^ (19lt9). ^ 
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Table 10 
Combined Action of Cliloraraphenicol, Phenylserine and Other 
Amino Acids on E. coli 
Cysteine Serine Phenyl- p-2-Thienyl- Chloram­
serine alanine phenicol 
Glycine X(6)  X(k ,5)  x(5)  U6) x(5)  
Aspartic Acid + {6)  + (1^.,5) +(5)  X(6)  +(5)  
Alanine x(l^ ,5)  0(5)  0(5)  
Phenylalanine oC:-) X(l) X(l) 0(6) 
Tryptophan 0(14.) X(l) X(l) 0(5)  
Tyrosine O i k )  +(3) X(2) 0(6) 
Phenylserine + (6) +(6) X{6) +(5)  
p-2-Thienylalanin0 x(6) +(6) 
Cysteine +(6) +(6) 
Chlox^amphenicol +(6) +(5)  +(5)  + (6) 
X ® antagonism, + = synerg ism, 0 = no modification of toxicity 
(1) E. Beeratecher, Jr., and 'v. Shivo, J. Biol. Chem., 164, 
53 (19^1-6). ~ 
(2) S. Beerstecher, Jr., and W. Shive, ibid.. 16?. 49 (19q-7)« 
(3) S. Beerstecher, Jr., and W, Shive, HI-> 527 (19i|.7). 
ik) B. D. Davis and W, K. Maas, J. Am, Ghem. Soc., 71. l8o5 
(191^9). 
(5) G. Mentzer, P. Meunier, L. Molho-Lacroix, Compt. rend,, 
210, 2kl (1950). 
C. Montzer, P. Maiinier, L. Molho-Lacroix and D. Billet, 
Bull, aoc. chim. biol.. 32, 55 (1950). 
(6) D» Molko and t. Molho-Lacroix, ibid.. 32, 680 (1950). 
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Other noteworthy relationships, not apparent in Table 10, 
were also discovered (1,2). Inhibitory power diminished in 
the series chloramphenicol, p-2-thienylalanin0, cysteine, 
serine and phenylserine, Although p-2-thienylalanine, cysteine 
and serine each stronj-^ly fortified action of the antibiotic, 
phenylserine was so synergistic with chloramphenicol that 
growth did not occur at all. Methionine failed to modify 
toxicity of chloramphenicol, showing behavior of cysteine was 
not due merely to its sulfur content. Phenylalanine antag­
onism to chloramphenicol was reported only for E, coll which 
had previously developed some tolerance for the antibiotic, 
Growth curves obtained with the amino acids were similar to 
those of controls, whereas chloramphenicol markedly modified 
both slope and height. Data were insufficient to judge 
whether antagonisms were competitive or not. 
Implications of the findings were discussed at length. 
The effect of structural modification on properties of a nortnal 
metabolite was remarkable. A single change produced an 
antagonist, whereas two simultaneous changes led to nullifica­
tion of interaction. Thus, serine was antagonized by alanine, 
but not by phenylalanine, while phenylserine was antagonized 
(1) C. Mentzer, P. Meunier, L. Molho-Lacroix, Gompt. rend., 
230. 2li.l (1950). 
G. Mentzer, P. Mexinier, L. Molho-Lacroix and D. Billet, 
Bull, soc. chim. blol.. 32, 55 (1950). 
(2) D. Moliio'an(^ L. Molho-Lacroix, Ibid.. 32. 680 (1950). 
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by phenylalanine, or the Isosteric thienylalanine, but not by 
alanine. Serine and cysteine were gaalitatively alike. Chlo­
ramphenicol was apparently too far removed from alanine or 
phenylalanine to be antagonized thereby. 
Chloramphenicol was considered correlated best with D-
serine and least with p-2-thienylalanine with respect to sim­
ilarity in relations of antagonism and synergism. In this 
regard, phenylserine was intermediate between the antibiotic 
and |5*2-thienylalanine. The fact ttiat chloramphenicol showed 
synergism with the amino acids was not taken to mean that 
mechanisms of biological action were the same, since two anti­
metabolites acting on different enzyme systems could readily 
display additive effects. In fact, unlike character in growth 
curves and interactions with other amino acids favored dissim­
ilar mechanisms. Hov/ever, two distinct modes of biological 
functionality were clearly evident, although others may well 
remain to be elucidated. One was associated in some unknown 
way with p-chalcogen substitution, as reflected by similarity 
of cliloramphenicol, cysteine, serine and phenylserine as 
regards glycine antagonism and aspartic acid synergism. The 
other, typified with j3-2-thienylalanine, which lacks 0-
hydroxyl or sulfhydiyl, Involved direct interference with 
phenylalanine metabolism. Phenylserine was considered to 
participate in both mechanisms, by virtue of its p-hydroxyl, 
and as a phenylalanine antimetabolite. 
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The critical importance of strain and species of 
organism, composition of medium, and type of datum assembled 
in respect to experimental conclusions drami was apparent in 
an investigation designed to show whether antibacterial 
properties of chloramphenicol derived from antimetabolite 
action (1). Whereas phenylalanine, and, to a lesser degree, 
tryptophan and tyrosine non-corapetitively overcame toxic 
effects on coli of up to one microgram of chloramphenicol 
per ml. of a glucose-salts medium, antagonism disappeared 
vfhen larger anounts of antibiotic or a synthetic amino acid 
medium was used. With a strain of L« casei requiring both 
phenylalanine and tyrosine on synthetic amino acid medium, 
only the former compound antagonized chloramphenicol. Phenyl-
serine showed anomalous behavior in that, at lovt? levels, it 
inhibited grovrth of an B. coli mutant which specifically 
required exogenous phenylalanine or ; henylpyruvic acid, but, 
with increasing concentrations, actually stimulated growth. 
This unusual effect was encountered only when suboptimal 
amounts of phenylalanine were present and not with the wild 
coll. nor with L« casei. Woolley stressed the fact 
that results were most understandable when the organism 
employed specifically required the metabolite under study. 
(1) D. Woolley, Federation Froc.. 9. 2k9 (19&'0)j J, Biol 
Chem.. m, ^ 
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Th© effect of stepwise alteration in chemical structure 
on antibacterial activity and phenylalanine antagonism was 
revealed in an examination of eorapo-unds ranging from phenyl­
alanine through various phenylserine derivatives to chloram­
phenicol (Table 11). 
HH'C0.CHCl2 
1 » a-CH20H for a-COOH 3 = p-OH for p-H 
2 » N-ClgOH'CO for N-H If - for £-H 
It was noteworthy that phenylserine was the only compound 
Involving a single structural change which showed antimetab­
olite activity. W'ith progressively greater alteration in the 
phenylalanine molecule, non-competitive and frequently 
irreversible antagonism emerged, alonp; with increasing anti­
bacterial potency. 
Woolley showed some doubt concerning steric purity of 
the phenylserine derivatives used, particularly in relation 
to the observed bacteriological results. The uncertainty was 
subsequently increased by the differences observed in prop­
erties of his U-dichloroacetyl-^-nitrophenylserine preparation 
and one synthesized by another route (1). Other investiga­
tors have reported no antibacterial activity for ^ -nitroplisnyl-
(1) C. P. Huebner and C. R. Scholz, J. Am. Cham. Soc.. 7^. 
2089 (1951). 
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Table 11 
Toxicity and Phenylalanine Antagonism of Compounds Intermediate 
in Structure Between Chloramphenicol and Phenylalanine 
E.ooli 
Compound Change j?henylalanineless Wild type 
fox- Antag- Antag-
icity onism icity onism 
H-Dichloroacetyl-
phenylalanine 
replaces 
2 phenylalanine 0 0 
Phenylalaninol 1 0 0 + slight; 
•JIC 
£-Nitrophenylalanine h 0 0 ++ slight 
Phenylserine 3 ++ c ++ C 
N-Dichloroacetyl-
phenylalaninol 1+2 0 0 
£-Nitrophenylserln0 3+4 ++ NO ++ NC 
N-Dichloroacetyl-£-
nitrophenylalanine 2+k + KC 0 0 
Phenylserinol 1+3 0 0 0 0 
K-Dichloroacetyl-
phenylserine 2+3 0 0 0 0 
K-Dlchloroac0tyl-
phenylserinol 1+2+3 +++ CI +++ slight 
NC 
slight 
HC" 
0 
N-Di chl0 ro ac e ty1-p-
nitrophenylSG rin e 2+3+ij. ++ C + 
£-IIi trophenylserinol 1+3+il. ++ CI ++ 
If-Dichloroacetyl-p-
nitr ophenyl scrXnol 
(Chloramphenicol) 
1+2+3+i}. ++4'4' KG 
+ = toxic, 0 ss non-toxic, C «= competitive, KC = non-competitive 
CI « competitive at low, irreversible at high concentration 
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serine prepared by two different routes (1), N-dichloroacetyl-
£-nitrophenylserine (2) and the ethyl ester of the latter (3)« 
Phenylserine was most recently used as an antimetabolite 
in an investigation of the trj^tophan-nicotlnic acid path in 
E« coli (li). Hicotinic acid was found to be very weakly 
antagonistic, while ornithine did not affect phenylserine 
inhibition. 
Studies have been jnade on the metabolism of chloram­
phenicol by E. coli. Bacillus laycoides, Bacillus subtills, 
and Proteus vulj^aris (5)* With each organism, both £-amino-
phonylserine and ^-nitrophen^'-lserine were reported among 
eighteen decomposition products demonstrated by paper chroma­
tography and by chemical techniques. Five biological 
degradation pathways appeared to be involved, the relative 
importance of each varying with the organism. 
In all biochemical work with phenylserine and its deriv­
atives, Insufficient attention has been paid to the relation 
between e3 ther optical or steric form and biological activity. 
Possible presence of allophenylserine in preparations used. 
(1) D. Eillct, Compt. rend., 1358 (1950); 231,  293 (1950). 
(2) G. P. Huebner and C, li. Scholz, J, Am. Ghem. Soc.. 73. 
2089 (1951). 
(3) G« Carrara, P. M. Chiancone, V. D'Amato, E. Glnouhltac, 
C. Martinuzzi and G. Weitnauer, Gaza. chlm. ital., 
§0* 709 (1950). 
(4) C. Marnay, Bull, soc. chim. biol., 33, 17i|. (I951). 
(5 )  G-« H. Smith and C. S. Worral, Arch.'^lochein.. 28. 1. 
232(1950). — 
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while deemed doubtful, ia iiot to bo excliided. The report that 
inhibitory properties of D-serine were not connected with L-
serine metabolism, insofar as the latter did not antagonize 
the former, is significant (1), This finding may point the 
way to an explanation of the seemingly diverse biological 
activity of phenylserine. The possibility that anti-
phenylalanine activity mscj well reside specifically in L-
phonylserine, with only the D-form behaving in the same sss 
unknown fashion as D-sorine, has not boen tested, Kor has the 
effect of either enantloraorph on L-serlne metabolism been 
<65 
Investigated. Studies have yet to be extended to pure allo-
phenylserlne, to various heterologues, to the isosteric p-
phenylcysteine, preparation of one diastereotner of which was 
recently described (2), or to the thio analogues of cl.loram-
phenicol. It would also be of interest to investigate whether 
phenylserine, its luBnediate derivatives, or analogues could be 
effectively employed in culturing Streptomyees veneauelae to 
throw light on the path of chloramphenicol biosynthesis, or to 
secure new antibiotic substances. 
(1) B. D. Davis and VI, K. Maas, J. Am, Chem. Soc.. 71. ICS"? 
{I9I4.9}. 
(2) A, n. Cook, G, Harris, I. Heilbron, J, Ohera. Soc,, I060 
(i9'ii.e5. 
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if. Enzymic peptide cleavap;e 
While investigating whether enzymes could hydrolyze 
peptides containing amino acids not found in nature, 
Abderhalden and Buadze (1) Incubated glycylphenylserine and 
DL-leucylphenylserine with yeast juice at pH 8 and 37®* 
Development of alight negative optical rotations, constant 
for the fonaer substrate after two and one-half hours, and 
for the latter after twelve and one-quarter hours, suggested 
that enzymatic cleavage had indeed occurred. Further confir­
mation was provided by isolation of glycine as its ethyl ester 
hydrochloride from the first hydrolysate, together with small 
amounts of material which elementary analyses and low optical 
activity suggested may have been slightly resolved phenylserine 
ethyl ester hydrochloride. 
D. Steric Configuration 
The configuration of phenylserine obtained from benzal-
dehyde-glycine condensation becasne of concern with the 
demonstration that only one of the fo^ar stereoisomers of 
chloramphenicol possessed antibacterial activity (2), Although 
earlier investigators had considered the hydroxyaralno acid 
(1) E« Abderhalden and S. Buadze, Fermentforschuni:;. I1.87 
(2) M, G. Bebstock, H. M. Crooks, Jr., J, Controulis and 
Q. R. Bartz, Abstracts of Papers, ll^th Am. Chem. 
Soc. Meeting.. P» 9K (IQiiQ). 
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thus formed to be a single racomic isomer, Woolley presumed 
that the material was a diastereomeric mixture, since it was 
formed from two optically inactive substances (1). Efforts to 
establish whether his various derivatives were sterically pure 
met with failure. Oxidation of chloramphenicol to F-dichloro-
acetyl-£-nitrophenylserlne for comparison with synthetic mate­
rial could not be effected. Successful transformation of 
phenylserln© into a chloramphenicol interraodlate of known stertc 
form {2,3#i}-,5,6,7) gave the first e:!q)erimental proof of its 
three configuration, which had been stipulated by Erlenmeyer 
on less firm grounds long years before (8). Supporting 
NHg ip2 
C^H^'p.OH'GOOH 5- C^H^»CH.CH.CH20H 
OH 
OH 
OH 
NH« CO *011012 
• CH. CH • COOH £-02N • . OH • GH. CHgOH 
OH OH 
evidence was provided by conversion to threo-phenylglyceric 
(1) D. W. Woolley, J. Biol. Chem.. l6g. 293 (1950), 
(2) C« G. Albert!, B. Asero, B. Gamerino, R. Sannicold and 
A. Vercellone, Chimica e industria (Milan). 31. 357 
(1949). 
(3) G. Carrara and G. IVeitnauer. Gazz. chim. ital.. 79. 8^6 
{19ii-9). 
(i|.) K. N. F. Shaw and S. IV. Fox, Abstracts of Papers. Il8th 
Am. Ghe-m. Soc. Meetini^. p. SBH (1950. ^ 
(5) K. Vogler, Helv. Ghim. A^. 22> 2111 (1950). 
(6) C. P. Huebner and C. R. Scholz, J. Am. Chom. Soc.. 73. 
2089 (1951). 
(7) K. Hayes and G. Gevor, J. Or?~. Chem.. l6, 269 (1951). 
(8) E. iSrlenmeyer, Jr., Ann.. 307. 70 (159^7. 
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acid on treatment with nitrous acid (1), Studies with indi­
vidual optical isotaers have thoroughly confirmed the fact that 
phenylserine is effectively a structural analogue of threonine 
{2)» D-Phenylserine reacted with chloramine T to give mandelo-
ss 
nitrile, from which L-mandelic acid was obtained by acid hy­
drolysis. Thionyl chloride acting on the N-acetyl ethyl ester 
COOH 
HoN'CH 
HG'OH 
( - )  
GH 
HC'OH 
COOH 
HC'OH £-(- )  
y 
COOCoHe I 2 5 
HgN'OH 
{^) 
06% 
I 2 5 
AC'HH'CH Ac-NH'GH 
C0002H^ COOH 
HC'OH 
a^h 
I 
HoN'CH d I 
L-(-) 
HC'Cl CH2 
C6H5 56H5 C6H5 
of L-phenylserine gave the coiresponding p-chloro derivative, 
which, upon catalytic hydrogenation and subsequent acid hy­
drolysis, was transformed to L-phenylalanine, characterized 
further as the nasylate. Thus, configuration was established 
unequivocally through the use of reactions which avoided at­
tack on the asyranetric center under study in a given sequence. 
To date, yields from the Rosenmund-Dornsaft route have 
been too low to permit study of the steric course of the 
CD D. Billet. Corapt, rend.. 230. 107li (1950). 
(2) K. Vogler, Helv. ChimT AcWT 33. 2111 (1950), 
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reaction, No more than a single racemic form was encountered 
with any of the ring substituted phenylscrinos thus 
prepared (1,2). When £-nitrophenylserine obtained b;: this 
method failed to exhibit antibacterial activity, it was thought 
that possibly the substance was of the e rytliro confIfpAration, 
i«e. that it might be g^-nitroallophenylserine (3)« It v.'aa 
further hypothesized that spatial arrangement of f^roups would 
favor the erythro confl£raration in the inten-aediate oxazol-
idine st®xxcture postulated by Dalgliesh. This viov^ was sub­
sequently criticized on the basis that neither theoretical nor 
practical grounds v/oxild exclude formation of an oxazolidlne 
from a tlripeo precursor (k). 
The steric form of DOPS, prepared according to the 
Rossrjnund-Dornsaft pr cedure has been related to noradrenaline 
in an interesting manner {5)* It was reported that the 
hydroxyamino acid preparation behaved like a single diaster-
eomer, i«e« Dd*Ll or Dl»Ld'^» in view of enzymic stereo-
specificity observed in all cases thus far vlth amino acid 
^ Capital letters Tefer to configurations about the a-carbon 
atom} small letters designate the p-carbon atom. 
(1) C, E, Dalgliesh and P. 3, Mann, J. Chem. Soc., 658 (I9I4.7). 
(2) C. iS. Dalgliesh, ibid., 90 (19li9T: 
(3) D, Billet, Gompt. rend.. 230. 1358 (1950). 
(4)  D. Bergmann, ivl, Genas and H. Bendas, ibid,, 23I, 361 
{1950). 
(5)  H» BlascliJro, P. Holton and G« H, 3, Stanley, Biochem. J. 
4-2» xlviii (1940)J Brit. J. Pharmacol., 
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decarboxj^-lases, only the LI or M forms were considered open 
to attack by tissue preparations. Slue© ^.-noradrenaline was 
produced almost quantitatively, it was reasoned that the 
starting DOPS was the Dd-Ll antipodal mixture exclusively. 
It was suggested that t-io prefix "alio" be reserved for naraing 
the still unknovm Dl-Ld isomer. Further correlation with 
known reference compounds was not achieved, the relative 
configuration of _l-noradrenallne being unknoxvn. Similarity 
of resxxlts ^fith D0F3 preparations from different laboratories 
indicated their probable identity of configuration (1,2). 
Little is known concerning the stereochemistry of phenyl-
serines prepared by other methods. The new Berp;!nann 
approach (3) has interesting possibilities as a source of 
erythro as well as threo compounds, In view of the particularly 
mild reaction conditions. The configuration of U-arylphenyl-
aerinea, the only class of products currently obtainable by 
asuination of phenyls-lycidic acid derivatives, is yet obscure. 
Although both diastereomeric 0-methylphenyls«rines have been 
produced via the raercuration method, neither has been 
correlated with knov/n reference compounds. Catalytic reduction 
of a-oximlnobensoylacotic acid was recently reported to lead 
(1) K. H. Beyer, H. Blaschko, J. II. Burn and H. Lanre^Jiann, 
Kature, l6<, 926 (1950). 
(2) H. Blaschko, H. Burn euad U. Langemann, Brit. J, 
Pharmacol.. £, k-31 (1950). 
(3) E. D. Bergmann, M. Gonas and H. Bendas, Compt. rend., 
231. 361 (1950). 
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preferentially into the erythro series (1), but further 
experimental data are needed to substantiate this claim. 
E. Heterocyclic Analogues 
With the finding that phenylserine was a satisfactory 
starting point for synthesis of chloramphenicol, interest has 
•understandably been given to the prospect of preparing 
hydroxyaraino acids wherein the phenyl group was replaced by 
an isosteric heterocyclic nucleus. Such compounds would be 
worthy of investigation not only as potential sources of new 
antibiotic analogues, and adrenaline-type compounds, but also 
as likely antimetabolites in themselves. 
The first phenylserine heterologue to be synthesized was 
p-2-furylserine (2). Ko product was obtained when f\irfxxral 
and glycine were subjected to action of sodium hydroxide in 
water or aqueous alcohol. However, treatment with potassium 
hydroxide in cold ethanol gave a clear pink solution from 
which the expected Schiff base salt precipitated slowly during 
the ensuins 2I4.-72 hours refrigeration. Acetic acid cleaved 
this intermediate to fxirfural and furylserine, which was 
presumed to possess the threo configuration found in phenyl-
serine similarly prepared. The maximum yield attained of ^ 3^ 
(1) I. Elphimoff-Felkin and II. Pelkin, Compt. rend., 232. 
2l|.l (1951). 
(2) K. Hayes and G. Gever, J. Orp;. Chem.. 16. 269 (1951). 
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Involved a tlire© day condensation period at 10®C. Attempts to 
run the reaction in methanol, in which the Schiff salt was 
soluble, failed. Treatment of furylserine with benzoyl 
chloride in presence of alkali gave an azlactone, m.p. 170°. 
Esterification of furylserine was possible only under 
closely controlled conditions. Decomposition occurred when 
ethanol saturated with hydrogen chloride or when temperatures 
greater than 30® were used. Likewise, imrecrystallized furyl­
serine gave only an oily ester in low yield, A successful 
approach involved allowing furylserine to stand in dilute 
alcoholic hydrogen chloride solution for five days at room 
temperature. The ester hydrochloride was not obtained, 
decomposition occurrin;^ upon attempted concentration. However, 
neutralization of the ester hydrochloride solution with sodium 
ethoxide permitted isolation of the free ester in 73?a yield. 
Although this compound decomposed slowly, its acid oxalate 
proved quite stable. 
Furylserine ethyl ester was readily reduced by lithium 
aluminum hydride to furylserinol, in the manner employed with 
phenylserine ethyl ester. The amlnedlol was totally acylated 
withoxit difficulty, then nitrated smoothly in good yield. 
Although the resultant nltro compounds gave satisfactory 
analytical data and ultraviolet absorption spectra closely 
related to those of 5-nitro-2-furfuryl esters, they could 
not be induced to crystallize. PurtJaer processing; was not 
\ , JlIO + CHo'COOH 2 ^0' niOH.GH.COOK 
m.p. 151-1$20 (dec.) 
'CnOH.CHIfHg* 0000211^ 
ra.p, 77-76® 
(add oxalate, m,p. l!|l°} 
'CHOIPCimiio'CIIoOH (Lm Cm 
a,p. 63*^ 
(acid oxalate, n.p. 227-223'^) 
^0' 
^noa.OHMg'Cooii 
m.p. 207-208® 
^0' 
KH.GO.R 
I 
•ail.CH'CIIoOAc I 2 
OAc 
R « CH3 or CnCl2 
02:? 
~0' 
-CH'CH.CH^OAc 
OAc 
Fi,3. 3 Synthesis of p«2-Purylserine and Derivatives 
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described, nor was any mention made of biological tests with 
the various intermediates. The over-all reaction sequence 
is suaiaarized in Pig. 3* 
By use of the German patent procedure for phenylserine 
synthesis (1), the thiophene analogue has been obtained with 
relative ease (2). Glycine condensed rapidly with 2-thienal-
dehyde in presence of aqueous sodium hydroxide at room tem­
perature, precipitation of the Schiff base salt coBffiienclng 
after half an hour. After overnight standing, trituration of 
th© solid cake with concentrated hydrochloric acid produced 
white crystals of 2-thienylserlne, m»p. 178-179®, in 79% 
yield. As with furylserine, a threo configuration was pre­
sumed. No derivatives of the new hydroxyamino acid were 
reported, synthesis of the thiophene analogue of chloraai-
phenicol having already been achieved by another route (3)« 
(1) Ges. fiir Kohlentechnik m.b.H* German Patent 632,k2k. 
July 8, 1936, 
(2) G. Weitnauer, Gaaz. chim. ital.. 8I, 162 (1951). 
(3) G* Carrara and G. Weitnauer, ibid.. 81, II4.2 (1951). 
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III. EXPiailMENTAL PROCEDURES AND RESULTS^ 
A. Preparation of Phenylserlne by Condensation of Benzaldehyde 
and Glycine 
!• Condensation in ethanollc sodlura hydroxide 
Condensation was effected according to the method of 
Porster and Rao (1). To a mechanically stirred mixture of 
18«7 S* (0.25 mole) of gl,yclne and 53*0 g« (0.50 mole) of 
benzaldehyde, from a freshly opened bottle, in 1^0 rnl, of 33^ 
ethanol at 10°was slowly added a cold solution of 35*0 g. 
(0.87 mole) of sodium hydroxide in 100 ml, of water. Agita­
tion was continued for twenty minutes, during #iich the turbid 
emulsion became homogeneous and clear. Upon standing for 
forty minutes, a white pasty material precipitated, leaving a 
syrupy yellow supernatant. During further agitation for ten 
minutes, the entire reaction mixture set to a viscous paste. 
After overnight standing at room temperature, the 
condensation product was filtered off and washed with four 
125 Jsl* portions of cold ethanol, a rubber dam being employed 
each time to press the cake as dry as possible. Each filtra­
tion required from one to three hotors, with No. 1 or No. 50 
All meltini^ points are uncorrected. 
(1) M. 0. Porster and K. A. N. Rao, J. Chem. Soc.. 1943 (1926). 
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Whatman paper and regardless of whether the mixture was at 
room temperature or prechilled In an ice bath. The pH of 
the fourth alcoholic wash still exceeded 10. 
The filter cake was dried in air, then extracted with 
four 100 ml, portions of boiling water, with filtration, to 
leave only a small residue of W-benzaldiphenylhydroxyethyl-
amine. The filtrate was cooled to room temperature, acid­
ified with 35 ml* of glacial acetic acid and extracted with 
three 100 ml. volTimes of ether to remove liberated benzal-
dehyde. The aqueous layer was concentrated in vacuo* Four 
crystal crops were filtered off during distillation to curtail 
troublesome bumping. The final filtrate, which approximated 
$0 lal. in volume and smelled strongly of acetic acid, was 
discarded. 
The four crops of crystals were combined, dissolved in 
175 ml, of boiling water, and, after filtration, treated with 
175 ml. of ethanol. Following storage at 5^ for two hours, 
the resultant Iridescent crystals were filtered off, washed 
with several portions of ethanol and dried in air to give 
18.6 g. (37^ yield) of phenylserine monohydrate, dec. pt. 
195°, 197° (separate determinations: bath initially at 191°, 
3 minutes heating). Two further crops of crystals were 
obtained from the alcoholic filtrate upon concentrating, each 
amounting to only 0.9 g. {2% yield) and each decomposing in 
the same range as the first crop. 
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2. Condensation In aqueous potassium hydroxide 
To a mechanically stirred solution of 375 g» (5«0 moles) 
of glycine and li.20 g. (7*5 moles) of potassi\«a hydroxide in 
1250 ml. of water at 20° was added I06I g. (10.0 moles) of 
benzaldehydo from a freshly opened bottle. Temperature of 
the reaction mixture rose to a maximiiiti of 30® in fifteen 
minutes, and foil gradually thereafter. Turbidity disappeared 
within thirty minutes. Dux-ing a four hour period of agita­
tion, the viscosity of the dark yellow liquid increased 
substantially, but only a small amount of insoluble suspensoid 
was visible. After overnight standing at room temperature, 
the mixture was a thick pale yellow paste. 
The mechanically agitated paste was treated with 500 ml, 
of concentrated hydrochloric acid in several small portions. 
Temperature rose to l{.3® momentarily. The observed pH I|..7 was 
adjusted to 5*7 by addition of 30 ml. of concentrated ammonium 
hydroxide. Mixing was continued with ice bath cooling until 
the temperature had fallen to 5°« The resultant granular 
slurry was suction-filtored, and a further 250 ml. of water 
was passed through the cake to partly displace the dark 
orange filtrate, which was surmounted by a layer of benzal-
dehyde cleaved from the condensation intermediate by action 
of the acid. 
The pale orange filter cake from acid treatment was 
washed by mixinc v;ell with four 1250 ml. portions of boiling 
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95r^ ethmiol, suction-filtration being employed each time. T?ie 
now faintly colored calce was siimiersd brxofly with 2000 ml. of 
boiling water and suction-filteredj approximately one fifth of 
the material failed to dissolve. This residua was treated 
with a further 1000 ml. of boiling water as before, but it 
hardly diminished in quantity. Tlio water-insoluble residua 
was discarded, since its ready solubility in methanol, whence 
it was precipitated anew on addition of water, suggested di-
phenylhydroxyethylamine rather than phanylserine. 
The combined hot aqueous extracts, wherein precipita­
tion of crude phenylserine had already coimienced, were stored 
at 5° for three da s, then suction-filtered v;ith the aid of 
a rubber uera to give a yellow filtrate and a buff-colored 
filter cake which was somewhat sticky and smelled of benzal-
dehyde. This cake was washed by sirsmerini;^ with 500 ml., then 
ti\?o 250 ml. portions of methanol with suction-filtration each 
time. The first hot nethanol wash, orange in color, dissolved 
almost half of the cake} the other methanol washes, almost 
colorless, had scant apparent effect. The niethanol-insoluble 
creamy powder was taken up in ISOO ml. of boiling water; the 
resultant pale yellow solution was suction-filtered to 
remove dust, reheated to 90° and treated with an equal volume 
of boiling ethanol. 
After overnight storage at 5°, white lustrous crystal­
line plates were filtered ii'om the $0'^ ethanol slurry, and 
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washed first with 500 ml. of SO;';' ethanol, then 2^0 lal. of 95^ 
ethanol. Thus were obtair'.ed, after drying in air to constant 
weight, l68 g. (17/2 yield) of rslionylserine monohydrate first 
crop. 
The or-ange bonzaldehydo-water filtrate from the acid 
treatment yielded only red tars upon concentration, as ^'ell 
as light colored powders which, by their infusibility, 
appeared to be mainly potassiiim chloride. Likewise, worlcing 
up the 9Si» ethanol washings failed to give any more phenyl-
serine. 
Stepwise concentration in vacuo of the aqueous filtrate 
from crude phenylserine, the methanol washings and the ^0^ 
ethanol filtrate from the first crop, respectivel;/, led to 
seven crystalline fractions, totalling ll^.8 g., \vhich were 
combined and recrystallized from 50>« ethanol in the manner 
described above for obtaining tho first crop of phenylserine. 
This gave 99 S» (10;® yield) of second crop then, after sub­
zero storage of the filtrate therefrom, Zlf. g. yield) of 
third crop, as white aicrocr^fstalline powders. 
Decomposition points v/ere determined siraultaneously for 
the above first cr"op Material, for a mixture of this v/ith 
first crop phenylserine monohydrate obtained by the Porster 
and Rao procedure, and for the latter substance alone as a 
control. Triads involving the above second and third crops 
were run similarly. All samples decomposed in the range 
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190-193°, with initial bath temperatures of 17ii.-179°. 
Samples of first crop phenylserine monohydrate were 
desiccated over anhydrous magnesium perchlorate at 10-15 mm. 
and 50-60° to constant weight during twenty-four hours. 
Dehydration was accompanied by some loss of lustre and 
shrinkage. 
Anal, Calcd. for C^H]_3_0^F'H20t HO, 9.05 
F o u n d ;  H 2 O ,  9 8 . 8  
3. Condensation in aqueous sodium hydroxide 
Condensation was effected according to the German patent 
procedure (1), with minor extensions. To a mechanically 
stirred solution of 30.0 g. {0»ij.0 mole) of glycine and 214-.0 g. 
{0.60 mole) of sodium hydroxide in 100 ml. of water at l5° was 
added 8l|..9 g* (O.8O mole) of benzaldehyde, from a freshly 
opened bottle, with external water bath cooling at 15°. 
Teniperature rose to a maximum of 21° in seven minutes, and 
declined gradually thereafter. The emulsified reaction 
mixture became homogeneous and clear in 12-13 minutes. 
Viscosity increased steadily and formation of suspensoid 
particles comonced. Rapid ^••elation and final solidification 
to a cheesy mass occurred within minutes. 
(1) Qes. fiir Kohlentecimik m.b.H. German patent 632,Jl|.2i(.. 
July 8, 1936. 
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After standing overnight at room teraperature, the solid 
condensation cake was fragraented, and, with steady agitation 
and external cooling at 15°» h9 (O.6O raole) of concentrated 
hydrochloric acid was slowly added. The lumps disintegrated 
as a white precipitate of phenylserine was gradually thrown 
down. During mixing for one hour, the phenylserine agglom­
erated into oily pellets approximating 1-2 Hm. in diameter. 
Following overnight storage at 5°» the crude phenylserine 
was filtered off and sucked as dry as possible with the aid of 
a rubber dan, The stravz-colored filtrate, at pH 3*8, was 
separated frora the sarmoimting benzaldehyde layer and treated 
with an equal volume of ethanol. uhen overnight refrigeration 
failed to induce further deposition of phenylserine, this 
material v?as discarded. The filter cake was fragmented and 
washed by mixing well with three 250 ml. portions of boiling 
95'^ ethanol, the resultant thin slurry being suction-filtered 
each time. The white microcrystalline phenylserine thus 
obtained was dried over anhydrone at 50-60° and 10-15 nim» to 
a constant weight of 50.5 g. (70;;% yield). 
The ethanol-washed phenylserine was recr/stallized frora 
1000 ml. of hot 50/^ aqueous methanol in the manner descriled 
in earlier runs (I|-5.3 g., 90;-' recovery) and then from 900 ml. 
of hot 50/^ aqueous ethanol to give finally 1^2,8 g. (85/^ 
recovery from the original 50.5 g») of anhydrous phenylserine 
as shlrsmering plates. The combined alcoholic recrystallization 
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filtrates were concentrated in vacuo to a moist residue, which 
was taJccn up in 80 ml. of boiling water and treated v/itli the 
same volume of hot dioxane. Overnight refrigeration, filtra­
tion, washing and desiccation led to 9*0 g. (l8jC recovery) 
more of phenylsarine as fine white microcrystals (dec, pt. 
195°# bath initially at 177°)• 
The combined 95/^ ethanol washings from the crude phenyl-
serine were concentrated in vacuo to 100 ml., then treated with 
100 ml. of ether. Filtration, ether washing and drying of the 
precipitate thus formed gave 11.2 of white powdery crystals 
which showed a strongly positive ninhydrin test. This material, 
upon recrystallization from hot aqueous dioxane, yielded 
a further 2.3 ,C> yield) of anhydroiis phenylserine (dec. pt. 
189®, bath initially at 177°)* 
If. Attempted synthesis of p-2-furylserine 
The condensation procedure was modelled on that of the 
German patent method for preparation of phenylserine (1). To 
a mechanically stirred solution of 1^.0 (0,20 mole) of 
glycine and 12.0 g. (O.3O mole) of sodium hydroxide in $0 ml. 
of water at l5° was added 38.a g. (O.is-O mole) of freshly 
distilled colorless furfuraldehyde, with water bath cooling 
at 15°. Temperature rose to a maximum 2$° in two minutes and 
(1) Ges. fur Kohl^ntochnik m.b.H. German patent 632,kzk* 
July 6, 1936, 
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declined gradually thereafter. The emulsified reaction 
mixtxire clarified completely in the aarae time interval and 
assumed an orange color v»hich increased in Intensity to 
brown durinj- fifteen minutes. Ko precipitation was observed 
during three and one-half hours of agitation. After storage 
at 5° for h-2. hours, the reddish brown syrxip was still clear. 
It was therefore discarded. 
B. Preparation of Gorapoxinds Concerned in Transformation 
of Phenylserine to Chloramphenicol 
1. Phenylserine methyl ester hydrochloride 
A vigorous stream of drjr hydrogen chloride was passed 
through a suspension of 9*0 g* (0.0l|.5 mole) of raonohydrated 
phenylserine (recrystallized first crop material) In 90 ml. 
of absolute laethanol for two hours. Speedy solution of the 
amino acid was accompanied by evolution of sufficient heat to 
promote gentle refluxin;-, with temperature falling slowly 
thereafter. No crjrstallization occurred upon overnight 
storage at -15®, The clear colorless solution was concen­
trated in vacuo to a crystalline residue which was dissolved 
in ^0 ml. of warm methanol. Upon treatment of the methanol 
aeration wit' 300 ml. of ether, two layers formed with rapid 
crystallization ensuing at the interface. Overnight storage 
at -15°, filtration, double washing with ether and drying at 
50-60° gave 8.6 g. (Si/!- yield) of phenylserine methyl ester 
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hydrochloride as white iridescent flakes, in.p# l60° (dec.), 
lanchanged by recrystallization from methanol-ether. Analytical 
data v^ere obtained on a larger batch similarly prepared. 
Anal. Calcd. for C^^qH^i^O^NCI: N, 6.05} CI, 15.30 
Pound: 6.11, 6.08; 01 (gravimetric), 15.31# 
15.38, 15.33 
2. Phenylserine ethyl ester hydrochloride 
Synthesis of this compound was effected in the manner 
described for the methyl homolo^ue, starting with absolute 
ethanol. An 85/a yield of product was obtained, m.p. llj.O°, 
^lnchanged by recrystallization frorri ethanol-ether. Analytical 
data were obtained on a larger batch similarly prepared. 
Anal. Calcd. for N, 5.70j Gl, ll^..43 
Pound: K, 5.6l, 5.70; Gl (gravimetric), li}..32, 
ll|..32, 11^-42 
3. Phenylserine methyl eater 
A vigorous stream of dry aimonla was passed through a 
suspension of 11.5 G* (0.050 mole) of phenylserine methyl 
ester hydrochloride in 200 ml. of ether for fifteen minutes. 
The ester hydrochloride dissolved, and teraperafaare fell 
N analyses in this investigation were effected by I/'r. J,A. 
McMillan, the Kjeldahl •raicromethod being employed in 
all cases. 
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rapidly due to evaporation effects. The well granulated ammo­
nium chloride which precipitated was removed readily by 
passage throu^jh a fluted filter, the salt being freed of 
adherent ester by flushing v/ith several portions of warm 
ether. Evaporation of the combined ether flltrrite and wash­
ings in a dry air stream gave g» (97;^ yield) of crude 
phenylserine methyl ester, m.p. 60-6l°, as white granular 
crystals, Recrystalllzation from a 1;^ mixture of hot ether-
cyclohexane yielded long v/'iite needles, m.p. • 
Anal. Calcd. for C10H13O3K: I, 7.17 
Potind: IJ, T.li-l-, 7.20 
If-. Phenylserine ethyl ester 
Phenylserine ethyl ester hydrochloride (12.3 g., 0.050 
mole) was treated in the manner described for preparation of 
phenylserine methyl ester to give 9»9 f> yield) of crude 
phenylserine ethyl ester, m.p. 62-83°, as large white plates. 
Recrystalllzation from hot cyclohexane steadied the melting 
point to 83°, with decline occurring to 81-82®, after storage 
for ten weeks in a desiccator. 
Anal. Calcd. for N, 6.69 
Pound: N, 6.53, 6.65 
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5. Phenjlserlne ethyl ester directly from phenylserlne 
In one run, phenylsei'ine monohydrate was treated in 
ethanol with dry hydrogen chloride in the fashion described 
earlier. The residue reraaining after distillation of the 
ethanollc hydrogen chloride was taken up in ether and con­
verted to the free ester with aimiionia in the raannei already 
described. Yield of several crystal crops, melting in the 
range totalled 91/^* 
6. Phenylserinol from phenylserlne methyl ester 
In an oven-dried all-glass assembly consisting of a 
500 ml, three-necked flask fitted with droppinc funnel, oil-
sealed Hershberg stirrer and reflux condenser witli attached 
drying tube, 2.28 g. (0.060 raole) of lithium aluminursi hydride 
was suspended in 50 ml, of sodium-dried ether. With steady 
agitation, a solution of 3*90 (0.020 mole) of phenylserine 
methyl ester in 225 21I. of dry ether was added slowly via 
the dropping funnel. Thirty minutes after evolution of 
hydrogen from the faintly jreenish-yellow turbid reaction 
mixture had ceased, excess lithium alu>ninum hydride was 
destro/ed by slow addition of 200 ml. of etiier saturated with 
water, followed by 10 ml. of water. After mixing: for a 
further fifteen minutes, the creamy slurry was suction-
filtered to give a colorless ether filtrate and white powdery 
cake. 
- Ill 
The ether filtrate was concentrated In vacuo below i|.0° 
to a yellov/ oil, v^hich was talien up in 10 ml. of hot ethyl 
acetate, suction-filtored to remove dust, warmed almost to 
the boiling point and then treated with 10 ml. of cyclohexane 
to produce a faint turbidity. A yellow oily layer separated 
on cooling. The mixture was seeded with phenylserinol, rapid 
deposition of a flocculent precipitate ensuing upon further 
cooling to -10®. Suction-filtration, washing with three 
2 ml. portions of ethyl acetate-cyclohexane {Isl) and drying 
at 50-60® yielded 1,37 8» (l+l/^ yield) of phenylserinol as a 
\?hit© powder, m.p. 88-90°. Thrice recrystallized dl-threo-1-
phenyl-2-aiaino-l,3-propanediol has been reported to melt at 
86-87° (1). 
The white filter call® obtained after the reduction was 
extracted with three 100 ml. portions of boiling ©thanol. 
Concentration of the extracts in vacuo yielded a yellow 
viscous oil, ?/orking this material successively in chloro-
fona, ethanol-ether, and ethyl acetate gave only orange gums 
and infusible residues from which no more phenylserinol was 
obtained. 
(1) J» Controulis, M. C. Rebstock and H. M. Crooks, Jr., 
Am. Chem. Soc«, Jl, 2li.63 (1949). 
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7» Phenylserinol from phenylserlne ethyl ester 
In an oven-dried all-glass assembly consisting of a 
500 ml. three-necked flask fitted with an oil-sealed 
Hershberg stirrer and Soxlilet extraction unit surmounted 
by a reflux condenser with attaciied drying tube, 5*93 g» 
(approximately O.I6 mole) of finely powdered lithium 
aluminum hydride was suspended in 2^0 ml. of sodium-dried 
ether. After a Soxhlet cup lined with No, 1 Wliatman paper 
to reduce porosity and containing lO.Ii-6 g, (0.0500 mole) 
of phenylserine ethyl ester had been placed in the extraction 
chamber, agitation and heating over a water bath were 
initiated in such a way that siphoning occurred at roughly 
four-minute intervals. Hydrogen evolution diminished after 
75 minutes. The water bath wss removed at th close of two 
hours and, to destroy excess lithiuia aluminum •i,/: ride, ten 
1»0 ml. portions of water v/ere introduced via the Soxhlet 
cup, with allowance for two siphonings between additions. 
A further ICQ ml. of ether was added to compensate for 
evaporation loss. After the deposit adhering to the flask 
wall had been loosened with the aid of a stiff v/ire, refluxing 
with agitation was effected for a further half-hour, then 
250 ml. of 105) aqueous sodiura hydroxide was slowly added, 
and mixing was continued for five minutes lon^^er. 
The basic emulsion was cleaved in a separatory funnel, 
and the aqueous layer was extracted with five more 250 ml. 
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portions of ether. The combined ether extracts were concen­
trated in vacuo to a straw-colored sjrupy gum, v/hich was 
taken up in 37 nil* of hot ethyl acetate and treated with 25 ml. 
of cyclohexane to produce a faint turbidity. By cooling at 
5® for three hoars, washin3 twice with fresh solvent mixture 
and drying at 50-60°, lj..l2 g* yield) of phenylserinol 
was obtained as snow-white microcrystals, m.p, 88-89®, un-
charjijed by recrystallization from ethyl acetate-cyclohexane. 
T;i0 ether-extracted alkaline aqueous layer was treated 
with 50 ml. of 50/• sodiuia hydroxide, the concentration of 
base thus being raised to approximately 16$^, in an endeavor 
to secure more effective solution of alwainuin hydroxide 
present. When gelatinous emulsions were encountered upon 
shaking with ether, the mixture was diluted with 100 ml. of 
water. Six more extractions with 250 ml. portions of ether 
were carried out, and the combined ether extracts were treated 
as before to give a further 2.16 g. (26^^ yield) of micro-
crystalline phenylserinol, m.p, 88-89°, 
The basic layer was diluted with water to 500 ml. and 
shal^en with 200 ml, of laethylene dichloride. The resultant 
stiff emulsion showed little sign of cleavage on standing 
and was accordingly discarded. Concentration of the ethyl 
acetate-cyclohe:cane filtrates to a small amount of oil, which 
was worked up with ethyl acotate ajid cyclohexane in the de­
scribed fashion, gave 0.12 n. (l.li;^ yield) of less pure 
phenylserinol, m.p. 86-88°. 
- lllj. -
6. N-Acetjlplienylserlnol and lltO-diacQtylphanylserlnol 
Piienylserinol was acetylated in the manner outlined by 
the Farke, Davis and Go, group (1). A sariiple of 1»07 g. 
(0,00614. raole^ of phenylserinol was bet ted with 10 nil. of 
acetic anhydride in a v/ator bath at JO ± 2° for fifteen 
minutes. Acetic anhydride was reaioved in vacuo to a 
clear pale yellow visco-as s;/rup which was taken up in 10 ml. 
of hot ethanol and again concentrated to dryness. Rubbing 
with 10 3il. of hot cyclohexane gave a white gummy paste 
which was dissolved by addition of 10 EI1. of hot ethanol. 
After filterin,;- off dust, cooling at 0° for 30 minutes, and 
again filtering, O.Ij.3 g. (27p yield) of crude lj,0-diacetyl 
compoiond, m.p. l6l-l6ij.®, was obtained. RecrvstalllKation from 
boiling water gave N,0-Qlaceitylphenylserinol, as f-littcring 
clusters of large white polyhedra, m.p. 1d8-169°. Twice 
recrystalllzed from ethanol, dl-threo-N.O-'diacetjl"!-phenyl-
2-amino-l,3-pi'opanediol has been reported to malt at 168-
169° (1). Treatment of the ethanol-cyclohexane filtrate 
with 10 ml. of cyclohexane, followed by cooling anc filtra­
tion led to a second 0.12 (7f^ yield) crop of less piore 
IJ,0-diacetyl derivative, m.p. I5i{.-l6l4.°. 
(1) J. Controulis, M. C. Hebstock and IT. M. Crooks, Jr», 
J. Am, Chea. Soc., 21t 2463 (19lf9). 
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Addition of a third 10 ml. volixme of c^rclohexane to tha 
ethanol-cyclohexaiie filtrate produced 0.10 g. (7% yield) of 
a fine white powder, m.p, 126-130°, containiri:']: a fov.' large 
colorless dense crystals, m.p, 13l4--135®» Recrystallization 
of this material from hot et?a7l acetate j-ave stnall white thin 
parallelepipeds, m.p. 13ll--135°« TVJO forms of dl-threo-H-
acetjl-l-phenyl-2-araino-l,3-propanediol have beon reported (1), 
meltinc at 136-137° lLi.L|.-1)4.5° respectively. 
9* Trlacetylphenylserlnol 
This compound was prepared by a modified Parke, Davis 
and Co. procedui'S (1). A solution of 7«91 g» (0.0)i.7 mole) 
of phenylserinol in 60 ml. of acetic anhydride and 60 ml. of 
pyridine was allowed to stand at room temperature for i(.8 
hours, with occasional shaking, then was concentrated in 
vacuo to a brown syrup. This residue was taken up in 
100 ml. of warm ethyl acetate, the resultant solution being 
washed successively with 35 ml. of hydrociiloric acid to 
remove pyridine, 15 ml. of wator and 25 ^ al. of aqueous 
sodliun bicarbonate. The v/ashes ?/ore back-extracted in order 
with 25 nil. of ethyl acetate. The combined ethyl acetate 
solutions were dried over anhydrous sodium sulfate, then 
(1) J. Controulis, M. C. Rebstock and H. K. Crooks, Jr., 
J» Am. Chem. Soc., II, 2li.63 (19ii.9). 
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concentrated In vacuo to a pale amber gum from which solvent 
vapor bubbles had ceased to emerge, A solution of the gum 
in 50 ml. of hot ethyl acetate was treated with 80 ml. of 
hot Skelly B. As temperature declined, the mixture clouded 
and split out a lower pale orange oily layer, which set to 
a hard crystalline mass upon overnight storage at 
The crystal cake was fragmented, filtered, washed with 
cold solvent and d ried to give 10.39 (75/^ yield) of trl-
acetylphenylserinol as long blunt-ended white needles, m.p. 
80-8l°« Concentration of the filtrate in vacuo and working 
up the gum as before yielded a further 1.89 (l4^ yield), 
m.p. 80-81®, and 0.57 £:• yield), ra.p. 79-80®, as second 
and third crops. Twice recrystallized from ethanol-petroleum 
ether, dl-threo-triacetyl-l-phenyl-2-amino-l.3-propanediol 
has been stated to melt at 79-80° (1). 
10. Triacetylphenylserinol directly from phenylserine ethyl 
es'l'er 
With the Soxhlet technique described for preparation of 
phenylserinol, ij-.lS g. (0.020 mole) of phenylserine ethyl 
ester was reduced with 2.28 g. (O.O6O mole) of lithium 
aluminum hydride. To the reaction mixture quenched with 
5 ml. of water was added 100 ml. of acetic anhydride and 
(1) J. Controxilis, M« C. Rebstock and H. "I. Crooks, Jr., 
J. Am. Cham. Soc., 21, 2463 (i9ii-9). 
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100 ml. of pp'ldine. After most of the other had been drawn 
in vacuo, the mixture was allowed to stand at room 
temperature, with occasional shaking, for 14.2 hours. 
The gelatinous mixture was suction-filtered with some 
difficulty during nine hours» The residual bluish paste, 
after double washing with acetic anhydride-pyridine (1:1), 
was discarded whan qualitative tests showed it to be predomi­
nantly aluminum acetate. The pale brovtn filtrate was con­
centrated in vacuo to a heavy syrup. Addition of 100 ml. of 
hot ethyl acetate, followed by five days standing at room 
temperature, threw down more alumlnurd acetate, which was 
again removed by filtration. When Skelly B added to o:a 
aliquot of filtrate produced tv/o layers and no crystals, 
even after prolonged coolin;-, in vacuo concentration was 
again effected to an orange gummy syrup, In which the odor 
of pyridine had greatly diminished. The gum was dissolved 
in 50 ml. of hot ethyl acetate, and, after removal of 0.2lf g. 
of infusible material, believed to be lithium acetate on the 
basis of a brilliant brick-red flame test, 100 ml. of cyclo-
hexane was added. Further filtration at this point eliminated 
0.1 g. of brown £!:um, leaving a straw-colored filtrate, i^iich 
became turbid upon addition of 100 ml. of Skelly B. 
Overnight refrigeration at 5° gave a g\xmij yellow 
cr;fstalllne mass surmounted by needles 5 nim. or more in 
length. The latter v-cre carefully suspended without disturbing 
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the giun, filtered, washed twice with cold solvent mixture and 
dried at 50-60° to give 1.26 g. (22 yield) of triacetyl-
phenylserinol as snow-white needles, m.p. 8l-82^, undepressed 
upon admixture with material prepared from phenylserinol. A 
further l.Sk (26;^ yield), m.p. 79-Sl°, was worked up from 
the filtrate of the first crop, but the gum from which the 
latter had been skimmed was discarded. 
11* Trlacetyl-£-nitrophenylserinol 
Processing here was according to the Parke, Davis and 
Co. method (1). "ifith steady agitation and temperature 
maintained at l8«20°, 2.93 g» (0.010 mole) of triacet 1-
phenylserinol was fed in small portions during eight rainutes 
into 8 ml. of fuming nitric acid (d. 1,1|.6) previously 
decolorized with urea. After 30 minutes total mixing time, 
2 volumes of ice were added to arrest reaction, then sodium 
bicarbonate in small portions until evolution of carbon 
dioxide ceased. Pour extractions v/ith 25 sil. volumes of 
ethyl acetate v/ere performed, and the combined extracts were 
washed with water, dried over anhydrous sodium sulfate, then 
concentrated in vacuo to a pale yellow f^um. This gum was 
dissolved in 10 ml. of hot ethyl acetate, treated with the 
same volume of Skelly B and stored at 5° overnight. 
(1) J. Gontroulis, . . G. Rebstock and TI. M. Crooks, Jr., 
J. Am. Chem. Soc., XI, 2]|63 (19i|.9). 
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By rubbing with a rod to accelerate crystallization, 
filtering, washing twice with cold solvent mixture and drying, 
1,23 g» (36^ yield) of crude triacetyl-£-nitrophenylaerinol, 
m,p« 125*132°, was obtained as a faintly yellow powder. By 
merely washing this product with hot ether, the melting rang© 
was raised to 138-l4l° or alternatively, to li^.O-l43° by a 
single recrystallization from benzene-ether, in either case 
a white granular solid being produced. Recrystallized from 
acetone-petroleum ether, then twice from ethanol, dl-threo-
triacetyl-l-£-nitrophenyl-2-ataino-l,3-propanediol was 
reported to melt at llj.0-1/1^3°» and, with two more recrystalliza-
tions from water, at li|.6-l47° (1), 
12. £-HitrophenylsQrinol 
Nitration of 2.93 g. (0.010 mole) of triacetylphenyl-
serinol was repeated according to the procedure described 
in the preceding section, with advantageous replacement of 
ethyl acetate by methylene dlchloride for extraction of the 
neutralized nitration mixture. The gum obtained by in vacuo 
concentration of the water washed, sodium sulfate-dried 
methylene dlchloride extracts was hydrolyzed by heating with 
ml. of concentrated hydrochloric acid on a boiling water 
bath for two and one-half hours. After being washed with 
(1) J. Controulis, M. C. Rebstock and H. M. Crooks, Jr., 
J. Am. Ghem. Soc., 21, 2I4.63 (1914-9). 
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ether, the acid solution v/as concentrated in vacuo to a pale 
jellow gum which was dissolvod in 6 ml. of boiling water and 
treated with solid sodium bicarbonate (0.5 g») in small 
portions until carbon dioxide evolution ceased and the pH 
approximated 8« After overnight storage at 5*^, the clear 
aqueous solution was extracted with tiiree 5 ml* volumes of 
ethyl acetate. Sf^orking up this series of extracts in the 
usual manner led only to a small amoimt of gum, which was 
discarded. 
The aqueous layer was adjusted to pH 11 by dropwls© 
addition of $0'^ sodium hydroxide and extracted three times 
with ethyl acetate as before. Plocculation commenced in 
the sodium sulfate-dried yellow extracts upon standing at 
room temperature. After overnight storage at 5*^, filtration, 
washing with a little cold ethyl acetate and drying at 
50*60®, 0.63 g. (30^ yield) of crude £-nitrophenylserinol 
was recovered as a white powder, m.p. 138-ll|.0°. Recrystal-
lization from 15 ml* of hot water gave 0.l|8 g., m.p, 1^0-
lij.l°. A superficial yellow to orange color slowly developed 
in the material upon exposvire to light. Recrystalllzed from 
water, dl-'threo-l-£-nitrophenyl-2-amino-l,3-propanediol was 
reported to melt at 139-l4l°» and, with further recrystalliza-
tion from water, at li|,l,5-li4.2.5® (1). 
(1) J. Controulis, M. G. Rebstock and H. M. Crooks, Jr., 
J. Am. Ghem. Soc., 71» 2^1-63 (19^-9)» 
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13» U-DlcIiloroacetyl-£-nitrophenyIs0rinol (raceraic chloram-
phenlcol); ayntliesls and ISioass'ay 
Dichloroacetylation was carried out according to the 
Parke, 4-avis and Co, metiaod (1), v/ith only slight modification. 
With a gentle stream of dry air drawn through the reaction 
mixture to sweep out methanol fomed, 0.212 g, (0,0010 mole) 
of £-nltrophenylserinol was heated with 3*0 ml, of inethyl 
dichloroacetata on a boiling water bath for tv.'o hours. Aft or 
removal of excess ester in vacuo, the orange-yellow gum 
produced was washed by simraerine with three 10 ml, volumes of 
Skelly B, then dissolved in 3*0 ml, of hot ethyl acetate and 
treated with 3»6 ml, of Skelly B, When refrigeration at 5° 
for two hours gave only oil, methanol was added to effect 
solution, a sraall maount of inr-oluble. matter was filtered off 
and the filtrate was concentrated to dryness in vacuo, The 
orange residual oil was taken up again in 3.0 ral, of hot 
ethyl acetate, the slightly turbid solution ^eing stored at 
5° overnight. Filtration, dropwise washing v/ith 1,0 ml, of 
cold ethyl acetate and drying at 50-60® led to 0,ll|.2 g, 
yield) of K-dichloroacetyl-£-nitrophenylserlnol in the 
form of hard snow-white microcryatais, m,p, 150-151°, Mixture 
with an authentic sa:iiple of racemic chloramphenicol (m.p, 151-
152°) did not depress the melting point. Twice 
(1) J, Controulis, l i .  C .  Hebstock and H .  I', Crooks, Jr., 
J. Am. Chera. Soc., 21 i 21+63 (19ii-9). 
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racrystallized from etii/1 acetate-petroleura etlier and twice 
from water, dl-threo-':.:-dicIiloroacetyl»l-'p-'nitroph.enyl~2-arainO" 
1,3-propanediol was stated to melt at (1)« 
Table 12 
Microbiological Assay Results (2) 
Organism DL-•Chlor ai/ipheni col 
KS-II-87 
D-Chloramphenicol 
(Farke Davis X-2791) 
E. coli (26) 5.0 (a) 2.5 
S. aureus {PDA-209) 5.0 2.5 
B. subtilis (III) 3.3 1.25 
pneumoniae {PCI-602) 1.7 1.0 
P. vul.Claris {8J|.27) 1.7 1.0 
M. tuberculosis (607) 17.0 10.0 
(a) Expressed as micrograms of antibiotic required to inhibit 
the test organism 
The results of microbiological assay, presented in Table 12, 
showed that the product was approximately one half as active 
as the D form of the antibiotic. 
(1) J. Controulis, M, C. Rebstock and H, M. Crooks, Jr., 
J. Chem. Soc., Jl, 2k63 (19ii.9). 
(2) D. R. Colingsworth, The tjpjohn Co. Privats coiamunlcation, 
1950. 
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C. Characterization of Allophenylserine 
!• Allophenylserine ethyl estor hydrochloride 
A mixture of 23*5 C* of third crop and 30.9 of second 
crop phenylserine from potassium hydroxide-catalyzed glycine-
benzaldehyde condensation was suspended in ^1^0 ml. of absolute 
ethanol in an all-glass assembly consisting of a 1000 ml. 
three-necked flask surmounted by a gas inlet tube and reflux 
condenser with attached drying tube. A vigorous stream of 
dry hydrogen chloride was passed through the suspension 
during four hours. Complete solution occurred during twenty 
minutes, and sufficient heat was generated to induce gentle 
refluxing. As temperature gradually declined to room level, 
precipitation of fine v/hite crystals set in. 
After refrigeration at 5® for thiree hours, suction-
filtration, washing with cold ethanol, then ether, and drying 
at 50-60*^, 2ij..7 g* yield) of allophenylserine ethyl ester 
hydrochloride, m.p. 175-176° (dec.), was obtained as glittering 
fluffy white flakes. After two recrystallizations from 
absolute ethanol, the material decomposed sharply at 176°. 
Anal. Calcd. for C^^j^H^^O^NClt N, 5.70; Cl, lij-.ij.3 
Founds N, 5*73, 5»77» Cl (gravimetric), lit..36, 
1I1..39, ll4-.il0 
Concentration of the ethanolic hydrogen chloride filtrate 
and treatment with ether led to a 11.9 g. {l6i& yield) second 
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crop, ra.p. ll|0-l50®, and a 12.6 g. {17% yield) third crop, 
m,p. 135-li|.l°, of mixed ethyl ester hydrochlorides. Similar 
processing of tail crops of crude phenylserine prepared 
according to the Germarx pater.t method (1) also led to varying 
amounts of allophenylserlne ethyl ester hydrochloride. 
2. Allophenylserlne ethyl ester 
Allophenylserlne ethyl ester hydrochloride (12.3 g., 
0.050 mole) was treated in ether with ajniBonia gas in the manner 
described for preparation of phenylserine methyl ester. After 
removal of ammonium chloride, stepwise evaporation of the 
ether solution gave a 3*9 (37?o yield) first crop, as lonr; 
white needles, m.p. 86®, a 3»1 g, (30^d yield) second crop, 
m.p. 86*^, and a 2.6 g. (25?^ yield) residue, m.p. 85-86®. 
Recrystalllzation of the three crops from 2^0 ml. of cyclo-
hexane led to 8.7 g. (91;^ recovery) of small shimmering wMte 
crystal flakes, m.p. 83-84°, fallin- to 82-83° after storage 
in a desiccator for a week. A mixture of phenylserine and 
allophenylserlne ethyl esters melted in the range 63-71°. 
Anal, Calcd. for K, 6.69 
Pound: II, 6.6[i., 6.66 
(1) Cfes, fiir Kohlentecbnik m.b.H. German patent 632,l4.2i}.. 
July 8, 1936. 
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3* AllopbenylserInol 
By using the Soxhlet toclinique described for preparation 
of phonylserinol from phenyl serine ethyl ester. If. 18 g. (0.020 
mole) of allophenylsorlne ethyl ester was reduced with 2.28 g. 
(0,060 raolo) of litliiioa aluminum liydride. The reaction mix­
ture, quenched with 10 ml. of water, was filtered through a 
Soxhlet extraction cup, and the filtrate Vt?ith a further 100 
ml, of ether was used to effect extraction of the Insoluble 
residue in the standcird Soxhlet manner for one hour. The 
ether extract was concentrated in vacuo and the yellow oil 
taken up in 10 ml, of ethyl acetate. Crystallization com­
menced upon addition of 0,25 ml* of cyclohexane, 0.25 di1» of 
chloroform and 0.5 ral, of Skelly D. By overnight storage at 
5®, filtration, cold ethyl acetate washing and drying at 50« 
60®, 0.98 s. (30^ yield) of allophenylaerinol was obtained as 
glittering white thin plates, m.p. 10lj.-105*^* Concentration of 
the filtrate in vacuo, solution in chloroform and precipita­
tion with Skelly D gave 0,li|. g, yield) of a less ptire 
product, m,p, 99-102°. Recrystallized from chloroform, dl-
erytliro'-l-phenyl'-2'"aaiino-l,3-propanediol was stated to melt at 
10ii.-105° (1). 
A second Soxhlet extraction of the reduction residue with 
200 ml, of ether for two hours, with subsequent processing 
(1) J. Controulis, M, C. Rebstock and H. M. Crooks, Jr., 
J. Am. Chem. Soc., J1, 2i|.63 (19i^-9) • 
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in similar fashion via ethyl acetate and Skelly D, led to a 
first crop of 0.i|.7 g. (1";/j yield), in.p. 105-106°, and a second 
crop of 0.19 g» yield), m.p* 102-10i|.^. A third extraction 
of the residue, effected by thorough mixin?: with 150 ml. of 
ether, follov/ed by filtration, and processing of the extract 
as before, yielded a fxirther 0,20 r;. (6% yield), m.p. 103-
10l}.°, Only a small amount of gum was obtained from further 
extraction of the reduction residue with hot chloroform. 
I|.. N-Acetylallophenylserinol 
Monoacetylation of allophenylserinol was effected 
according to the Parke-Davis method (1). A sample of O.3IO S* 
(0.0019 raole) of allophenylserinol was shaken with 1,0 lal. of 
acetic anhydride. Spontaneous warininr, but no crystallization 
occTorred on subsequent cooling;. The clear produce;' by 
In vacuo removal of acotic anhydride was taken up in ethanol 
and again evaporated to dryness. Crystallization of the 
residue from ethyl acetate-cyclohexane gave a first crop of 
0.233 g. (60;^ yield), m.p. 106-108°, and a second crop of 
0,053 yield), m.p. IO7-IO8". Recrystallization of 
the coBibined crops from ethyl acetate produced 0.205 g. (80^ 
recovery) of Il-acetylallophenylserinol as clustered elongated 
white tablets, m.p. 108°. After recrystallization from ethyl 
(1) J. Controulis, M. C. Rebstock and TI. M. Crooks, Jr., 
J. Am. Chem. Soc., 21, 211-63 (19l|9). 
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acetate, dl-'erythro-II-acetjl-l-phenyl~2-amlno-'l,3-propartediol 
was reported to raolt at 106,5-107® (1)« 
5. IT^O-Dlacetylallophenylserlnol and trlacetylallophenyl-
serlnoi 
Processing was in accord with Parke-Davis raethods (1)» A 
solution of 0.658 g. (0,0039 raole) of allophenylaerinol in 
2«0 ml. of acetic anhydride was heated at 100° on a water bath 
for thirty minutes. The pale brown gura remaining after 
in vacuo concentration to dryness was dissolved in 10 ml. of 
hot ethyl acetate, then treated with 30 ml. of ether and 90 m1* 
of cyclohexane. After cooling to 15°, fUterine, washing 
with cold solvent mixture and drying at $0-60'^, 0,550 g. of 
cream-colored slightly sticky powder, m.p, 98-111°, was 
obtained, Rocrystallizatlon twice from benzene and once from 
ethyl acetate finally produced 0,288 r> (29/'J yield) of fT,0-
diacetylallophenylserinol, as square or octagonal tablets, 
m.p, 109-110°, Twice recrystallized from ethyl acetate, dl-
erythro-N,0-diacetyl-l-phenyl-2-amino-1.3-proi3anediol was 
stated to melt at 110-111° (1)» 
All solutions and residues from the dlacetyl derivative 
were collected in methanol, concentrated to dryness in vacuo, 
and allowed to stand in 2,0 ml, of acetic anlriydride plus 
2,0 ml. of pyridine for four days. The gum remaining after 
(1) J, Controulis, M. C. Rebstock and ;I. M. Crooks, Jr., 
J. Am, Chem. Soc., 21, 2I1.63 (19it.9). 
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removal of the acetylating agents in vacuo was crystallized 
from 10 ml. of ethyl acetate to give 0.3'|9 C* (30^^ yield) of 
triacetylallophenylserinol in the form of long thin needles, 
m.p. Il6®. Treatment of the filtrate vrith Skelly D yielded 
a 0.183 S» (l6)^ yield) second crop, m.p. 115-116°. After two 
rocrystallizations from ethanol, dl-errfthro-trlacetyl-l-
phenyl-2-amino-l,3-propanediol was reported to melt at 115-
ll6o (1). 
6. Allophenylserine 
Hydrolysis of S,6ZB g. (0.0I4.00 laole) of allophenylserine 
ethyl ester hydrochloride was effected by addition of Ifl.OO ml. 
of 1.95 N (0*0800 raole) sodium hydroxide and 2.0 ml. of 
ethanol, with standing at room temperature and intermittent 
shaking during 90 minutes. The clear solution was treated 
with 3»37 ml. {££. 0,0lj.0 mole) of concentrated hydrochloric 
acid to give ca. pH 5» rapid crystallization occurring during 
the operation. After overnight storage at suction-
filtration, two washings with 10 ml. volumes of ice water and 
drying in air at room temperature to constant weight, 5.583 g. 
{77/J yield) of allophenylserine was obtained as an interwoven 
fibrosis mat of long slender thread-like needles, with texture 
comparable to asbestos. 
(1) J. Gontroulis, M. C. Rebstock and H. M. Crooks, Jr., 
J. Am. Chem. Soc., Jl, 2463 (I9I+9). 
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No significant decline in weight occurred upon desiccation over 
anhydrone at and ca. 0.1 ram. during l6 hours. Upon re-
crystallization for analysis from hot water with slow cooling, 
the same crystal form was obtained. 
Anal. Calcd. for 7*73 
Pound: H, 7.61^ 
Samples from different preparations decomposed in the rang© 
189-193^# depending on heating rate and initial bath tempera­
ture. Ho depression was noted upon admixture with phenylserine. 
D. Partial Separation of Phenylserine and Allophenylaerine 
via Ethyl Ester Hydrochlorides 
1. gffect of reorystallization on ratio of phenylserine 
diaaterebaers 
Crude phenylserine was prepared according to the German 
patent (1), with two steps In the procedure changed. Acidifi­
cation of the intermediate condensation product with concen­
trated hydrochloric acid was effected after only foiAr hours 
standing, Instead of the 2l| hours specified. After three hot 
ethanol washes in the already described manner, the crude 
phenylserine was dried in air at $0-^60^, rather than over 
anhydrone In vacuo. 
Solution of 5*00 g. portions of crude phenylserine was 
effected in 25 ml. vol^aiaes of water by f^entle simmerins* To 
(1) C-es. fiir prohlenteclmik n.b.H. Geman patent 632,Ii2ij.. 
July 8, 1936. 
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each hot solution was added 25 ml. of hot organic solvent, 
the mixtxire being allowed to cool slowly to room temperature 
before overnight storage at Filtration and drying in air 
at 50-60° led to data assembled in Table 13. 
Table 13 
Recovery of Crude Phenylserine on Recrystallization 
Solvent added Recovered phenylserine 
Hon© 3.26 
Methanol 
Ethanol k'lZ 
Acetone 4.50 
Dioxane 5.16 
A vigorous stream of dry hydrogen chloride was bubbled 
through a suspension of 2.500 g. of the crude phenylserine 
noted in the preceding section in 25 ml* of absolute ethanol, 
tmtil the initially rising temperature had again fallen to 
room levels. The solution was then stored at 5° for 2l^ hours, 
with occasional agitation. Suction-filtration, washing with 
a little cold ethanol and drying gave 0.1|.32 g. (13^ yield) of 
impure allophenylserine ethyl ester hydrochloride, m.p. I66-
168® (dec.). Storage of the filtrate for nine days more at 
5® led to a ftarther 0.236 g. (7% yield), m.p. lyii.® (dec.). 
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Under these conditions, material obtained by recrystal-
lization of crude jjiienylserine from water alone yielded only 
0.02ii. g. (0.7^' yield) of crude allophenylserine ethyl ester 
hydrochloride, m,p. 166-169° (dec.). Similar processing of 
phenylserine, obtained by recrystallization of crude product 
(14.2^ recovery) first from 20 ral. of 50>C methanol per gram, 
then from 20 ml. of 50,j othanol per gram, gave no allophenyl­
serine ethyl ester hydrochloride. In this case, phenylserine 
ethyl firtor hydrochloriclG, m.p. 139°, was worked up from the 
clear solution in 89> yield, 
2. Solubilities of dlastereoraeric ethyl ester hydrochlorides 
Solubilities of these compounds in absolute ethanol were 
estimated approximately from observations made in the course 
of recrystallization operations. With dioxane (refluxed and 
distilled over sodium) and acetone (distilled from potassium 
permanganate aiid dried over potassiiai carbonate), procedure 
was more specific. Solutions containing: excess free solute 
Vi/ere held at the specified temperatures with frequent shaking 
for at least one hour, after which measured volumes of clec^r 
supernatant were withdrav/n, evaporated to dryness at 100° and 
the residues v/eighed. A different approach was necessary with 
phenylserine ethyl ester hydrochloride in dioxane at 95°, 
solubility being so great that high viscosity of the solution 
precluded accurate volunietric transfer. In this case. 
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Table li^. 
Solubilities of Diastereomeric Ethyl Ester Hydrochlorides ( a )  
Solvent Temperature 
OC. 
Ethyl ester hydrochloride 
K./lOO ml. 
Phenylserine Allophenylserine 
Bthanol 80 
5 
>100 
> 13 
5.0 
1.2-1.5 
Acetone 55 
5 
22 
7.5 
o.o6 
O.Olf 
Dioxane 95 
Ik 
l6o 
l^-.7 
0.15 
0.05 
(a) Method of determination is described in text. 
weighed portions were added to a measured volvirae of solvent 
until a trace of undissolved material still remained one hour 
later. 
3« Attempted separation of ethyl eater hydrochlorides via 
dioxane 
Second and third crops of ethyl ester hydrochlorides from 
the run in which allophenylserine ethyl ester hydrochloride 
was first encountered were thoroughly mixed. A sample of 12.0 
g* was siraraered with 1$ ml. of anhydrous dioxane. Complete 
solution occurred within 30 minutes. Passage of the solution 
through a steam-jacketed sintered glass pressure filter was 
initially very slov/ and ceased entirely with occurrence of 
crystallization on the vinder side of the sintered plate. 
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i}.. Partial separation of ethyl ester hjcir-ochlorldes via 
acetone 
A sample of 12.8 r, of the mlxtxire noted in the preceding 
sectioij was simaiered with 100 ml. of anhydro'us acetone. An 
appreciable proportion remainec undissolved after ten minutes. 
The mixture was easily passed through a steam-jacketed 
pressure filter, whose inner chamber was held at approximately 
80® by drawing steam throu;-^h the outer jaekot tmdor reduced 
pressure. Washing of undissolved material was effected by 
similar passage of two 25 ml. volumes of boiling acetone. 
The Insoluble residue was dissolved by passing 50 ml. of 
hot ethanol in three portions through the filter under 
pressure. The pale yellow solution, a large part of which 
was accidentally lost, was treated with 25 ml. of ether and 
stored overnight at 5°* Filtration, washing and drying 
yielded 0»20 g. of allophenylserine ethyl ester hydrochloride, 
m.p. 177° (dec.). 
The pale yellow acetone solution was treated with 75 ml. 
of ether and stored overnirrht at 5°* Filtration, washing and 
drying produced 9*13 C* of slightly sticky crystals, m.p. 
96-139®» smelling of mesityl oxide. Recrystallization from 
15 ml. of hot ethanol with ac'dltion of 150 sil. of ether led 
to 7*91 r* crude phenylserine ethyl ester hydrochloride as 
white odorless crystals, m.p. 137-139°* 
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Similar processing thro-ar'h acetone and ethanol was used 
to split allopbonylserine jthyl ester hydrochloride from 
several other batches of crude phenylserine ethyl ester hydro-
cliloride. 
Table 1$ 
Partial Separation of Ethyl Ester Hydrochlorides 
Starting material Allophenylserine Impure phenylserine 
S-t aster HCl Et ester HCl 
Wt., g. M»p«,'^C. Y;t«, g. M,p«,°Ci> Vvt,, n« H«p»,°C. 
37 »3 138-lii.l 3.6 177 30.9 138-ll}.0 
1.98 138-157 0,62 177 1.03 137-139 
15.7 135-150 1.2 175 11.9 137-li|0 
5. Ij^ffect of phenylserine othyl ester hydrochloride on solubll-* 
l^y of allophenylserine ethyl ester hydrochloride in acetone 
Phenylsorin© ethyl ester hydrochloride (1.000 g.) was 
dissolved in 8^0 lalf of dry acetone by simmering in a refliox 
assembly. Allophenylserino ethyl ester hydrochloride 
{0.100 g.) was added, and simmering was continued for a 
further five minutes. The hot mixture was auction-filtei^ed, 
1.0 ml. cold dry acetone be in/* used to complete transfer of 
the imdisaolved alio corapoxind to the filter funnel. Drying 
gave 0,026 and 0.030 of allophenylserine ethyl ester 
hydrochloride undissolved in two such runs. 
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E. Paper Chromatography 
1. Phenylserine and allophenylserlne 
Paper chromatogra hy was studied as a means of detecting, 
roughly estimating and distinguishing the phenylserine 
diastereomers. The capillary ascent technique of ¥/illiaias and 
Kirby (1) was employed, with some modifications. Aqueous 
solutions generally 0,1?& (W/V) in either isomeric hydroxyamino 
acid, alone or mixed, were used in exploratory runs, other 
concentrations being used as subsequent occasion demanded. 
These were stored at when not in use, to minimize growth 
of microorganisms. Finely drawn pipettes, into which the test 
solutions had been allowed to rise by capillarity, were 
touched to points at least 1,1; cm. apart along a line 3«0 cm. 
from the narrow side of a 20 x 27 cm. rectangle of ITo. if 
Whatman filter paper. Care was taken to place only a single 
drop of solution per spot, and to hold spot diameter in the 
range of 0.5-0.7 cm. Filter papers were cylinderized by 
stapling, with the long sides not q':ilte touching. The 
cylinders were stood upright, sample spots neai" the bottom, 
in screw-capped wide-mouthed chemical jars (5 in. diameter, 
12 in. tall) containing 125-150 ml. of solvent, consisting 
of the clarified upper water-poor layer of various two-phase 
(1) R. J. Williams and r. Kirby, Science. 107. I|8l (19i|-8) 
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laixtxires described subsequently. When the solvent front had 
approached the upper edge of the cj-linder, a line was pencilled 
across itj the cylinders were then inverted and dried in air 
at room temperatiare (one hour) or under an infrared lamp at 
50-60° (20 minutes). Stables wore clipped and the opened 
sheet was sprayed uniformly with 0,2J^ (w/¥) ninhydrin solution 
in n-butanol saturated with vmter. Pinal oven drying was 
effected at 80® for 10-15 minutes. 
The ethyl ester hydrochlorides, while givinp: good 
ninhydrin tests in aqueous solution, failed to respond on 
papergrarais. In this case, only a single trial was made with 
the upper layer from a mixture of 600 ml. of Skelly D, 350 ml. 
of methanol and 50 ml. of acetone. 
A number of solvent mixtures tested for ability to 
separate the free hydroxyamino acids sliowed little promise 
(Table 16), Although partial separation was achieved by 
n-butanol-hydro chloric acid-acetone, the mixture \i&s not 
investigated further, since cor'rosion of stables necessitated 
thread-stitching of the paper cylinder. While neither acetone 
nor concentrated ammonia alone in butanol-water were effective, 
striking difference in the extent of migration of phenylserlne 
and allophenylserine was observed with a mixture of the four 
components. The proportion of each solvent necessary for 
optimum separation was determined by testing various acetone 
and ammonia levels (Table 17)» In subsequent use of paper 
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Table l6 
Ineffective Solvent Mixtures in Paper Chromatography of 
Phenylserine and Allophenylserln© (a) 
Component s of mixture, ml. 
100 Rp 
(b) ^  n-BuOH HgO HOAc MegCO C5H5H Con. 
N%0H 
5^ 
NaOII 
St 
Bu-CO 
Dlox-
ane 
250 
200 
200 
200 
200 
50 
250 
150 
100 
150 
50 
50 
100 
25 25 
14-16 
33-40 
47-50 
52-55 
36-39 
200 
200 
200 
200 
200 
1^0 
150 
150 
150 
30 30 
50 
25 25 
50 
100 
45-49 
24-28 
25-27 
27-28 
200 
200 
200 
200 
100 
i6o 
175 
100 
35 
20 
200 
165 
200 
20 
25 
l|-l6 
18-22 
11-15 
26-27 
200 150 25 25 30-32 
n-BuOH Si HCl Me2C0 lOORp 
Phenyl 
serine 
- Allophenyl­
serln© 
200 
200 
200 
160 40 
39-4.0 dO-D4 49-52 fo-68 
(a) Single sheet riins with duplicate spots of each isomer in 
0.1^ solution, the last seven runs also including a 
mixed solution 0,1ft in each isomer. 
(b) Rp distance from starting line to centre of spot 
distance traversed by solvent front from starting line 
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Table 1? 
Effect of Acetone and Ammonia Levels in Papoi' Chromatography 
of Phenylserine and Allophenylserlne 
Components of mixture, ml. lOCRp 
No. of n-BuOH HoO MegGO Con. 
samples (a) HM Niq^OH 
6(2) 200 190 5 5 
3(1) 200 ife 5 10 
3(1) 200 185 10 5 
6(2) 200 180 10 10 
3(1) 200 170 10 20 
3(1) 200 170 15 15 
3(1) 200 170 20 10 
6(2) 200 150 20 20 
3(1) 200 ll>0 20 kO 
2(1) 200 170 25 5 
5(2) 200 150 25 25 
2(1) 200 100 25 75 
2(1) 200 50 25 125 
3(1) 200 ll|.0 30 30 
3(1) 200 130 35 35 
3(1) 200 li{.0 kO 20 
10 (l|) 200 120 ko ko 
serine serine A{b) 
a-26 15-21 5-8 
23-21+ 16-18 6-7 
28 18-21 7-10 
26-30 19-20 8-10 
28-30 18-20 8-11 
33-35 21-21}. 10-lij. 
3I1-35 22-23 11-13 
35-39 23-26 11-15 
£.7-50 33-3l^ 14-16 
I4.0-I+I 28-29 12 
l^-l-il-^ 28-32 13-lil-
51-A i|-0-I(4 10-11 
^8-61 ii.8-53 8-10 
ii.2-li.3 28-30 12-15 
ii7-48 3i4--36 11-13 
52-53 y-Uf 8-10 
51^-58 ii.2-ii5 10-12 
(a) Value outside parentheses applies to number of smples of 
each isomers solutions 0,1^ in each isomer alone and 
mixed were used} value inside parentheses indicates 
the number of sheets and different batches of solvent 
mixture tested. 
(b) Difference in lOORp values for adjacent spots of the two 
isomers 
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chromatography as an analytical tool, the upper layer from a 
mixture of 200 ml. of n-butanol, 150 ml. of watar, 25 ml. of 
acetone and 25 ml. of concentrated ammonium hydroxide was the 
solvent of choice, with 3-^ hours allowed for ascent. A 
photof-raph of a typical papergram is presented in Pig. 3* 
In preparing paper sheets for chromatography, several 
features v/ere found to be of concern. Growth of microoragnisms 
in the amino acid solutions led to appearance of extra spots 
and streaks on the developed paper grario. Ko lateral inter­
ference effects wore observed with as iiany as thirteen samples 
per shsot. Use of mors than a single drop of solution per 
spot resulted in iiregularly shaped final spots, Hou^h 
standardization of initial spot diameter was essential for 
effective comparison of solutions of known concentration with 
unknowns. When stapling the paper into cylindrical form, 
care was taken that edges did not contact or overlap, other­
wise the solvent front bacarae bowed on climbing. Unless the 
solvent mixture was clarified by addition of a few ml. of 
appropriate organic solvent, vailing amounts of aqueous layer 
settled out, with resultant irregular spot migration. 
Points of teclmique in final development of the cliroraa-
tograms also proved to be important. Spots vfere lif-hter in 
hue, with poorer border definition, when v/et paper cylinders 
were dried at 100° instead of at lovii'er temperatures. Sensitiv­
ity in respect to detectable araino acid concentration was 
24O -
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Pig. 3 Paper Chromatography of Phenylserine, Allophenylserine 
and Glycine. 
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lower with O.lyJ ninhydrin solution than vsith 0.2^3* Spot 
colors developed too slov/ly (60-9O minutes) v,'hen final drying 
was carried out at 60°, whereas undeslrahle pink flushing of 
the whole sheet frequently occurred at 100°. 
With the butanol-watar«aoetone-ammonla mixture, the 
developed spots were initially orange-brovm in color, darken­
ing to violet in the courGa of a day or more, then gradually 
fading in several weeks. Phenylsorine spots were generally 
elongated ovals with slightly less color intensity than the 
circular allophenylserine spots. Border definition was 
sur.-ric ".ontly sharp to pemnit pencil delineation. 
Mixed solutions containinc; both phenylserlne anc allo­
phenylserine were tested over a wide range of concentrations. 
A barely visible spot was obtained v?ith either hydroxyamino 
acid at as low as Q*01}i concentration in solution. The spot 
was still discrete when as much as 2*$% of the other isoner 
was present in the same solution. 
2* Threonine and allotlireonine 
By use of the technique described in the preceding section, 
tliree spots each of O.-Ivj (W/V) solutions of threonine and allo­
tlireonine were placed on paper sheets. The solvent iiiixture 
which successfully separated phenylserlne and allophenylserine 
was employed, with a five and one-half hour ascent period, 
Mnhydrin development was effected as before. 
- -
Threonine gave lOORp values ol' 18, l8, 19 and allo-
tlireonine 13, li|., ll-i- respectlvsly. The spots were a vivid 
blue-violet in color, with t^ell defined borders. Their shape 
was circular and area smaller than with phenylserine diaster-
eomers run at the same concentratior:. 
P. Effect of Condensation Time on Phenylserine Diastereomer 
Content and Yield 
1* Observations on the condensation reaction 
Several batches of phenylserine were synthesized according 
to t' -'^ German patent procedure (1)« The quality and quantity 
of each reactant used were the same as in the earlier de­
scribed run. The electrically driven Hershberg stirrer was 
operated at the mxaimiam speed conrtiensurate with avoiding 
serious loss of the reaction mixture by splashing. 
New phenomena were hrou^^ht to light when the reaction 
course was observed closely mider these conditions. As in 
earlier runs, benzaldshyue v/as added all at once"®'". One 
minute later, the reaction mixture was turbid, somewhat 
viscous and uniformly emulsified. Taraperature had risen 
from l5® to 17®. After throe rdnutes, v/ith temperature at 
Time periods subsequently noted are counted from this 
addition. 
(1) Ges. fur Kohlentechnik m.b.H. Gernian patent 632,ksh.. 
July 8, 1936. 
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20-22°, tlie emulsion suddenly set to a curdy tiilck white paste, 
and the agitator was brought to an abrupt halt. The material 
gradually redissolved upon mixing with the aid of a glass rod 
and hand-turning of the stirrer shaft. After 5-6 minutes, the 
stirring motor was again turned on at high speed. At this 
time, temperature reached the maxiinuni of 25° and declined 
gradually thereafter at a rate varying with the water turnover 
in the external cooling bath. After 12-13 minutes, the reaction 
mlxtiu'e was a completely transparent viscous light syrup. No 
further change was apparent up to 25-23 minutes, ^ en precipi­
tation commenced anew. In 28-32 minutes, the mixture rapidly 
attained solidity and temperature rose 1®. The agitator slowed 
gradually in this instance before finally stoppinf^ entirely. 
2. Observations on acid cleavaj?:e of insoluble intermediates 
The insoluble material finally formed from condensation 
of benzaldehyde and glycine was allowed to stand at room 
temperatiire for different periods of time with various batches. 
Concentrated hydrochloric acid (50.0 ml., ca. 0.6 mole) was 
then added dropwise from a burette during 30 minutes. The 
condensation cake was fragmented with a spatula and mixing 
was effected with a heavy /jlass rod to minimize local concen­
tration of the acid. An external water bath at 15® was used 
for cooling throughout the operation. The Hershberg stirrer 
was turned on at maximum speed as soon as reduction of lump 
size permitted. 
- "* 
With two batches which were allowed to stand only one 
hour from the time of benzaldehyde addition, a thin white 
slurry, with few lumps, was present at the close of acidifica­
tion. Thickening to a smooth paste occurred during further 
agitation for 30 nxinutes. Then, nev/ lumps gradually developed, 
attaining a diameter greater than one cm. in another 30 
minutes, and leaving a clear pale yellow supernatant. The 
o 
mixture was chilled to 5 and stored at this temperature for 
two hours. Suction-filtration (very slow) was then effected, 
the cake being pressed as dry as possible v;lth the aid of a 
rubber dam. A faintly yellow transparent aqueous filtrate, 
at pH 3.1 and with only a few ml. of supernatant benzaldehyde, 
was thus obtained. 
Three batches run with four hours elapsing between benzal­
dehyde addition and acidification showed a different behavior. 
During 60 minutes of high speed agitation after acidification, 
the few lumps remaining of the insoluble condensation mate­
rial totally disintegrated. As precipitation of fine particles 
occurred, the reaction mixture gradually thickened to a stiff 
paste. In this case, no tendency to agglomerate into now lumps 
was apparent. After cooling and storage at 5® for l-Zh hours, 
the paste was suction-filtered, a rubber dam being used as 
before. By contrast with the one hour run, filtration was 
rapid and yielded a pale yellow transparent filtrate at pH I4.-
i|.«7 completely devoid of supernatant benzaldehyde. Even the 
- -
white filter cake smelled only slightly of bensaldehyde. In 
one case, the filter cake was broken up, mixed again with the 
filtrate and acidified to pH 2.8 with concentrated hydrochloric 
acid. By dropwise addition of $0^ sodiimi hydroxide, pH was 
then raised to 5.6. Upon filtration, the filtrate was again 
obtained free from all visible traces of benzaldehyde, 
With two runs in which acidification was effected after 
a 21}. hour condensation period, lumps of the Initial solid were 
fragmented with more difficulty. During the 60 minute agita­
tion period, the acid cleavage product precipitating gradually 
ac£;lonierated into oily pellets, 1-2 mm. in diameter and 
smelling strongly of benzaldehyde. One batch was stored over­
night at the other was treated with 100 ml. of ether which, 
upon further agitation for 30 minutes with external ice bath 
cooling, gave a thick smooth white paste, surrounded by free 
aqueous supernatant. In both runs, suction-filtration 
proceeded slowly and yielded a clear aqueous layer surmounted 
by a substantial quantity of benzaldehyde. 
A strong benzaldehyde smell prevailed from coramencement 
of acidification with a batch v.?hich had stood for 6o hours 
after addition of benzaldehyde. In this case, liiraps of the 
initial condensation inaterial were quite hard. Their dissolu­
tion was facilitated by addition of 150 ml. of ether during 
acidification and the subsequent one hour agitation period. 
Further processing and behavior were in every way similar to 
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the ether-treated 2k hour batch. 
The cake remaining after acidification, cooling and filtra­
tion was fragmented and washed by mixing well with three 200-
250 ml. volumes of bollln,']: 95^ ethanol, with filtration of the 
resultant thin slurry and suction of the crude phenylserine 
cake as dry as possible each time with the aid of a rubber dam. 
In the case of one four hour condensation run, the fragmented 
cake was initially hand-stirred with only 100 ml. of boiling 
95/' ethanol. The thin slurry which first formed quickly 
stiffened to a paste sufficiently thick that the containing 
beaker could be inverted vdthox^t loss. Addition of a further 
150 ml. of boillnc 95/® ethanol was necessary to give a filtra]pde 
slurry again. When the fraciriented cake from a 2i|. hour run was 
treated with boiling alcohol in the sarae portlonwlse 
fashion, mere slurrying occurred and no sudden stiffening to 
a paste. Subsequent ethanolic washing on these two batches 
was carried out as with the others, fith all batches, alcohol-
washed crude phenylserlne was dried to constant weight over 
anhydrone at 50-60° and 10-15 mm. Yields in typical runs are 
summarized In Table I8. 
Ethanol washings were distilled in vacuo to concentrates 
In which ihc proportion of benzaldehyde present varied in 
accord with the quantity split off during hydrochloric acid 
treatment. Thus, with four hour runs, all cleaved benzal­
dehyde appeared at this stage. With other runs, the amount 
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Table l8 
Yield and Diastcreomor Content of Crude Ethanol-Washed 
Phenylserine 
Condensation 
time, hrs. 
Crude product I somer fraction (a) 
Wt., g. % Yield Phenylserine Allophenylserin© 
1 334 l|6 0.55-0.60 0.l4.0-0.1|.5 
4 ll4.3 6i 0.80-0.85 0.15-0.20 
24 52.7 73 1.00 0 
6o 14-9.0 68 1.00 0 
(a) Procedure given in next section 
corresponded to that mechanically retained within the filter 
cake prior to alcoholic washing* By treatment of the ethanol-
benzaldehyde concentrates with ether in the manner described 
earlier, slightly colored amorphous materials containing 
varying amoimts of the phenylserines were obtained. These 
were checked by paper chromatography, but usually not 
processed further. 
Some aqueous filtrates from the acidification step were 
distilled in vacuo to a damp crystalline mass, which was 
extracted three times with 100 ml. volumes of boiling metiianol. 
The residual sodium chloride showed negligible traces of the 
phenylserines when subjected to paper chromatography. 
Amorphous powders obtained by concentration of the raethanol 
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extracts contained varying small amoxajits of the two phenyl-
serine isomers, as indicated by paper chromatography. 
3. Diastereomer content ana yield by paper cliroiaatop^raphy 
Paper chromatography by the technique already described 
was used to estimate the proportion of phenylserine and 
allophenylserine present in the products of the various 
condensation runs. For this purpose, three mixed standard 
control solutions v/ore prepared. Eich of these contained 
phenylserine, allophenylserine and glycine at levels of 
Q,2%f 0,1^ and Q,Q^% (W/V) respectively. In early runs, 
only the 0.1;^ controls were used, in duplicate or triplicate. 
Subsequently, all three controls were en^jloyed, with one 
spot of each per sheet. To facilitate later comparison, 
control spots were spaced uniformly across the sheet, with 
non-adjacent duplicates of up to five unknown samples also 
distributed along the same starting base line. Several 
dilutions of a given unknown were used where uncertainty 
existed as to its content of phenylserines, otherwise dilu­
tions were set to give developed spots of approximately 
tho seaviB area as the 0.1?^ control. Repaat runs at different 
diliitions were made whan results were inconclusive. 
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The results of paper chromatography applied to ethanol-
washed crude phenylserine from batches run with different 
condensation times were suimiarized in Table 18. The values 
presented in Table 19 are based upon similar examination not 
Table 19 
Approximate Total Yield and Diastereomer Content 
Condensation 
time, hrs. 
Total 
% yield 
(a) 
Isomer 
Phenylserine 
fraction 
Allophenylserlne 
^ Glycine 
•mre acted 
1 So 0.55-0,60 0.ij.0-0.i?.5 15-20 
4 80 0.80-0.85 0.15-0.20 5-10 
21}. 85 0.96-0,98 0.02-0.0ii. 2'"lj. 
6o 80 0.96-0.98 0.02-0.0I4. 1-2 
(a) + 
only of the main crop of each batch, but also of amorphous 
fractions obtained by working up ethanol washings and aqueous 
filtrates. 
G. Separation of Phenylserine and Allophenylserin© 
via Solvates 
Crude sodium salt 
A semple {8.72 g., O.Olj-S mole) of anhydrous ethanol-
washed crude phenylserine, which had be'sn prepared with a one 
hoior condensation period (i.e. allophenylserlne), was 
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fed into 25*0 lal* ot 1.925 K (0.0i).8 mole) sodium ethoxlde in 
absolute ethanol. When rapid caking occurred, a further 2$ ml. 
of absolute ethanol was added and the mixture was gently 
simmered for five minutes. By standing overnight at room 
temperature, filtering, twice washing with ethanol and drying, 
9.ii-0 g. (96^ yield) of fine wiiite powder was obtained. 
Paper chromatography showed that the product was a 
mixture of phenylserine and allophenylserine sodium salts, 
the ratio of the two isomers being scarcely changed with 
respect to the starting material. In the ethanol filtrate 
were detected roughly 0.150 g» of allophenylserine, 0.005-
0.01 g. of phenylserine and 0.025-0.05 g. of glycine. 
2. Recrystallization tests 
A series of 1.000 g. samples of the same crude phenyl-
serine noted in the preceding section were dissolved in 
10.0 ml. volumes of water by warming in a water bath. The 
solutions were treated with 0.1-1.0 volume of coi.ccntrated 
ammonium hydroxide and then with 0-3 volumes of acetone. 
These tests were discarded when no crystallization was 
observed after 48 hours at 5°. 
Other test solutions, prepared in the same way, were 
treated with equal volumes of various organic solvents and 
stored overnight at 5®» Crystal crops were subsequently 
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filtered off, washed with cold solvent and dried over anhydrone 
at 50-60° and 10-15 lani. Recoveries, and observations on 
isomer content based on paper chromatography, aro presented 
in Table 20. 
Table 20 
Rocrystallization of Crude Phenylserine (a) from 
One Hoiir Condensation Run 
Solvent Crystalline product Filtrate 
% Recovery Isomer content isomer content 
Water (b) 28 ca. 95^ P slightly more A than P 
50^ Acetone 63 slightly more A 
than P 
slightly more P than A 
50^ Methanol 5k slightly more P 
than in crude 
slightly more A than P 
50;l Ethanol 75 slightly more P 
than in crude 
slightly more A than P 
50^ Dioxane 67 ca. 6$% A predominantly Pj 
^ca • 0 • 02 g. A 
A « all©phenylsorine, P = phenylserine 
(a) ca. 55^ P; A 
(b) TTOOO g, crude in 10.0 ml. of water: no organic solvent 
added. 
3. Phenylserine monohydrate 
A 2.500 g. sample of phenylserine, shown by paper chroma­
tography to be isomerically pure, was dissolved in 30 ml. of 
boiling water. The hot colorless solution was suction-filtered 
to remove traces of lint, raised again almost to the boiling 
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point, and then, with steady swirling, 30 ml. of boiling 
ethanol was slowly added. The mixture was seeded when cooling 
to during four hours failed to initiate crystallization. 
Rapid deposition of iridescent flakes followed. Under the 
microscope, these were seen to consist of thin well-formed 
hexagonal plates, layered like mica. Overnight storage at 
filtration, washing with 10 ml. of cold $0% ethanol and drying 
over anhydrone at 50-60*^ and 10-1^ mm. during 18 hours gave 
2.175 g« (87^ recovery) of anhydrous phenylserine. 
Anal, Oalcd. for N, 7*73} neut. equiv», 181.2 
Pound: H, 7«72, 7*85} neut, equiv. (formol), 
181, 182, 183 
Other samples of phenylserine, similarly recrystallized, 
were allowed to dry in air to constant weight after filtration 
ai3d solvent washing. The monohydrate thus obtained was than 
desiccated over anhydrone at 50-60° and ca. 0.1 mm. during 
16 hours. 
Anal, Calcd. for C9%3_03N*H20t HgO, 9.05 
Pounds H2O, 9.01, 9.10, 9.05 
k-* Allophenjlserine hemidioxanate^ 
k 2.500 g. sample of fibrous allophenylserine, prepared 
by cold alkaline hydrolysis of the corresponding ethyl ester 
^ The prefix "hemi" is used to indicate a combining ratio 
of one molecule of dioxane to two molecules of 
allophenylserine, 
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hydrochloride in the manner already described, and shown by 
paper chromatography to be isomerically pure, was dissolved 
in 3^ ml* of water by gentle sixamering daring ten minutes* 
The hot colorless solution was filtered to remove lint, raised 
again almost to the boilinn: point, and then, with steady 
swirling, 35 nil. of boiling dioxane was added. Steady deposi­
tion commenced of glitterin,<3 needles, which, under the micro­
scope, were found to be fairly long blunt-ended individual 
rods. Overnight storage at 5°, filtration, washing with 10 ml. 
of cold 50$o dioxane and drying in air to constant weight gave 
3.001 of allophenylserine hemidioxanate. Desiccation over 
anhydrone at 10-15 mm. and 50-^^0° during' l8 hours decreased 
the weight to 2.998 g. (97> yield). Ko further weight loss 
occurred when the material was heated at 77® under £a. 0.1 msa. 
over phosphorus pentoxide in an Abderhalden dryer for two hours. 
Anal# Calcd. for 0^112^2.^3^*^/202^]^^ N, 6.22; neut. 
equiv., 225.2 
Found: N, 6.05, 6.21} neut. equiv* (formol), 
229, 231 
The formation of this interesting compound was also 
observed under the microscope. A few milligrams of allophenyl­
serine were dissolved in a drop of water on a slide by puddling 
with a fine glass rod. A cover slip was placed over the 
preparation to curtail evaporation. A drop of dioxane was 
then introduced imder the cover slip from a capillary pipette. 
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WltMn a few seconds, long rods commenced rapid growth from 
the periphery of the clear solution inward, until, individually 
and in clusters, they pervaded tha \'/hole droplet, I-Io such 
phenomenon was observed v/hen acetone, methanol or ethanol were 
substituted for dioxane, nor when allophenylssrine was replaced 
by phenylserine, tl'jreonine or allothreonine. 
5. Allophenylserine hemihydrate 
A solution of 11.12{^. of allophenylserine heraidioxanate 
in 100 ml. of boiling water was gently siimaered for five 
minutes after the odor of dioxane was no longer detectable in 
the emerging steam (ten minutes in all) and then cooled rapidly 
under the cold water t ap, a glass I'od being used to rub the 
flask walls briskly at the same time. Rapid precipitation 
occurred of hard glittering tablets, which the microscope showed 
were thick perpendicular-sided hexagonal prisms. Overnight 
storage at filtration, washing with small volumes of 
ethanol, then ether and air drying gave 5*972 g. (63?s yield) 
of allophenylserine hemih7ydrate, The material was recrystal-
lized for analysis from boiling water with fast ice bath cooling 
and only ice water washing prior to air drying at room temper­
ature. Water content was determined by desiccating a sample 
over phosphorus pentoxide at 77® and ca. 0.1 mm, during ten 
hours. Nitrogen determinations were effected both on the 
hemihydrate and the dried material. 
- 155 -
Aiial. Calcd. for N, 7.37} if.74 
Pound: W, 7.3ifJ H2O, k.85 
Calcd. for C(j.Iii3_03K: K, 7.73 
Pound: II, 7.70 
The aqueous filtrate from which the hemihydrate was first 
isolated was raised to the boiling point and then treated with 
an equal volume of boilinr dioxana. After overni.r_^ht storai^e 
at 5°, filtration, washinr and drying, 2.856 r;, {2b^i recovery) 
of allophenylserine hemidloxanate was obtained. 
6. Recryatallization of allophanylserine from various solvents: 
possible existence of other aorvates 
A solution of 5.496 £•. of allophenylserine in 55 ml. of 
boiling water was allowed to cool slowly to room temperature 
with frequent swirling. A white semi-gelatinous mass composed 
of long thin fibrous needles, frequently bundled, slowly 
formed. Overnight storage at 5*^1 filtration, washing twice 
with 10 ml. volumes of ice water and drjring in air at room 
temperature to constant v;ei{^ht led to 3.299 C* {60fi recovery) 
of anhydrous allophenylserine. This material suffered no 
further v/ei^-'ht loss on desiccation over anhydrone at £a. 0.1 ram. 
and 50-60° during five hours, 
The aqueous filtrate was concentrated to roughly 25 ml., 
cooled to room temperature and then treated with an equal 
volume of ethanol. After storage at 5° for four hours, there 
- 156 -
was obtained a thick white sluri-y which, under the microscope, 
was observed to consist of bundles and star-clusters of short 
sharp-pointed needles. Filtration, washing with cold ^0% 
ethanol and drying in air to constant weight gave 1.315 g» 
{2)^% recovery) of anhydrous allophenylserine. This ^jeight 
was unchanged by desiccation over phosphorus pentoxide at 
ca, 0.1 mm. and 77° durinr ten hours. 
Another recrystallization filtrate containing pure allo-
phenylsisrine was seeded with a fcv; crystals of the hemihydrats, 
treated with an equal volume of ethanol and stored at 5° over­
night. A crystal crop -was recovered in which no form other 
than the thick hexagonal prisms of the heraihydrate were 
olfserved microscopically. 
The aqueous filtrate frova alkaline hydrolysis of allo­
phenylserine ethyl ester hydrochloride (described on p. 128) 
was treated with an equal volume of ethanol (65 ml.) and stored 
overnight at 5^* A small iridescent mat, which was filtered 
off (very slow), was found under the microscope to consist of 
Jagged-ended parallel-sided thin grooved plates, some of which 
were partly cleaved to Individual needle forms. Air drying 
to constant weight at room temperature gave 0.230 g. of a 
solvated allophenylserine (identity established by paper chroma­
tography). The material was dried at 77® and £a. 0.1 mm. over 
phosphorus pentoxide. A weight declinc of 8.5> hssn 
observed when unfortunate 'nechanical loss of the entire sample 
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occurred (calculated weif-ht losf: for monohydrate, 9*05/^)* 
A solution of 2.500 of allophenylserins in 00 ml. of 
boiling water was treated v:it'"; 50 ml. of boilinr acctone and 
allowed to cool slovifly to room temperature ?/ith frequent 
swirllnr. A heavy slurry of lon,n thin fibrous thread-like 
needles formed. Overnirht storage at 5°, filtration, washing 
twice each v/ith 10 ml* voliimes of 50,€ acetone, acetone, then 
ether arad drying over anhydrone for twelve hours at 50-60° and 
10-15 ami., yielded 1.818 g. (735^' recovery) of cmhydrous allo-
phenylaerine. Similar desiccation of air-dried samples obtained 
by the same route was observed to cause no apiireciable weight 
loss. A further recrystallization from water-acetone was 
carried out for analysis. 
Anal. Calcd, for K, 7*73; neut. equiv., 181.2 
Found: N, 7*5^!-, 7*62; neut. equiv, (formol), 
181, lOl 
Other sanples of allophenylserine were recrystallized from 
wator-ethanol and v/ater-nethanol in the manner just described 
for water-acetone. The i.iaterlals recovered v/ere desiccated 
directly to the anhydrous state in the usual manner, without 
intermediate air drying at room temperature to check for 
solvate formation. These solvent fixtures wers not tested 
further v/hen recoveries were noted to be substantially less 
than that via water-acetone. 
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7. Isolation of pure dlastereomers from crude phenylaerlne 
Fractionation of 89*2 g.- of crude phenylserine from a one 
hour condensation run was effected in the light of observations 
made on behavior of the individual hydroxyamino acid dlaster­
eomers and mixtures during recrystallizatlon from different 
solvents. The material, shown by paper chromatography to 
contain kO-lf5/» allophenylserine, was first recrystallized from 
890 ml. of boiling water to nive a 26.7 g. (30;^ recovery) 
phenylserine fraction containing less than 5/^ allophenylserine. 
The aqueous filtrate, heated to the boilinfT point, was treated 
with an equal volume of boilinj;^ dioxane. Proa this treatraont 
resulted a lj.3*0 g» (39?j recovery) fraction of allophenylserine 
hemidioxanate containing roughly phenylserine. The 
dioxane filtrate was concentrated in vacuo to roughly I70 ml., 
heated to the boiling point, and treated with an equal volxane 
of boiling ethanol. This led to 18.9 g* (21^ recovery) of 
phenylserine wherein bare traces of allophenylserine were 
detectable. The 50;?^ ethanol filtrate was shown to contain 
about 6.5 g. ilfo of original starting material) of hydroxy-
amino acids by paper chromatography, with only slightly more 
phenylserine than allophenylserine present. 
The two high phenylserine fractions were combined and 
twice recrystallized from 50,€ ethanol in the usual manner. 
The crude allophenylserine dloxanate middle fraction was 
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recrystalllzed once from dloxane and then converted to 
the anhydrous form by recrystalllzation from 50^ acetone. All 
recrjstallization filtrates were combined, concentrated In 
vacuo to 200 lul, and treated hot with an equal volume of 
ethanol. After removal of the mixed tail crop thus obtained, 
the filtrate was again concentrated (l|0 ml.) and treated with 
ethanol to obtain a second mixed tail crop, the filtrate from 
this being discarded. Pinal estimated recoveries of phenyl-
serine and allophenylserine, shown to be isomerically pure by 
paper clrromatography, and of mixed tail fractions are sxanmarized 
in Table 21. 
Table 21 
Fractionation of Pure Diastereomers from Crude Phenylserine 
fraction Phenylserine Allophenylserine 
Wt., g. ^'t., % Recov- Wt., g. Recov­
ery ery 
Phenylserine 36.5 36.5 l|.l «ai 
Allophenylserine 2^.0 - - 2h.O 27 
Tail crops 15.2 
5'k 
9.1 
3.2 
10 6.1 
2.2 
7 
3 
Tail filtrate 2*k- 1.2 1 1.2 1 
Totals 83.5 50.0 56 33.5 38 
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8, Decomposition temperatures of phenylserlne and allophenyl-
serine 
The effect of initial bath temperature and heating time on 
the decomposition teijjperatures of the two hydroxyamino acids and 
their solvates was studied. Samples of each material were 
tested with two or three different initial bath temperatures, 
and with a sample of anhydrous phenylserlne run simultaneously 
each time to provide a basis of comparison. The approximate 
times elapsing betv/een insertion of the sample into the bath 
and attainment of the decomposition temperature -were measured 
with a stopwatch. Results are collected in Table 22. 
H. Derivatives of Phenylserin© and Allophenylserine 
Hydrochlorides 
Each of the pure anhydrous ainino acids (l,8l2 g., 0.0100 
mole) suspended in 18 ml. of dioxane was treated under anhydrous 
conditions with a brisk stream of dry hydrogen chloride for 
fifteen minutes. Solution, accompanied by evolution of heat, 
was complete within five minutes, and temperature declined 
thereafter. The clear solutions were diluted with equal volumes 
of dioxane and ether was added until cloudiness developed. 
After seven hours at the products were suction-filtered, 
washed with ether and dried in air at 50®. Each was recrystal-
lized by dissolving in 10 ml. of methanol at room temperature, 
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Table 22 
Decomposition Temperatures of ir'henylserine and Allophenylserine 
Run 
No. 
(a) 
Compound 
initial 
Temperature, 
- (h) yellow 
®G, 
soft gas 
Heating 
time, min. 
la P anhydrous 172 170 182 183 5.5 
P monohydrate 172 181 185 186 8.0 
lb P anhydrous 180 185 188 189 3.5 
P monohydrate 180 188 190 191 4.5 
Ic P anhydrous 188 190 191 192 2.5 
P monohydrate 188 190 192 193 3.3 
2a P anhydrous 176 180 183 183 1|.8 
A hemidioxanate 176 178 181 (c) 3,8 
A anhydrous 176 183 181). I8I4. 6.0 
2b P anhydrous 187 189 190 190 2.5 
A hemidioxanate 187 188 189 (c) 2,0 
A anhydrous 187 190 191 191 3.3 
3a P anhydrous 179 186 190 190 3.0 
A hemihydrate 179 181 191 192 3.7 
A hemihydrate, 
186 dehydrated 179 181 190 3.0 
3b P anhydrous 185 186 187 187 3.0 
A hemihydrate 185 186 187 187 3.2 
A hemihydrate. 
186 dehydrated 185 187 187 2.3 
i|.a P anhydrous 183 188 190 190 2.5 
A anhydrous 183 190 192 192 3.3 
P + A anhydrous 183 185 189 190 2,3 
i}.b P anhydrous 192 19k 196 196 1.7 
A anhydrous 192 196 197 197 2.0 
P + A anhydrous 192 193 195 19b 1.5 
P = phenylserine, A = allophenylserine 
(a) Run no, indicates the sets of sanples tested simultaneously, 
(b) Initial bath temperature 
(c) Shrivels quickly after softening. 
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adding ether imtll cloudy and refrigerating for four hours, 
with filtration and drying as before. Further recrystalliza-
tion from ether-acetic acid did not change the decomposition 
points appreciably. Both compounds had the form of blunt 
needles or blades. 
Table 23 
Diastereomeric Phenylserine Hydrochlorides 
Series Yield M.p., i CI (b) % 
Wt.,g. c* /O Crude Rxtzd. Calcd. Pound Galcd< , Found 
Phenylserine 1.918 88 163 160 16.29 16.15 
16.22 
6.iji|. 6.31 
6.39 
Allophenyl-
serin© 
2.030 93 163 159 16.29 15.99 
16,10 
6.44 6.43 
Mixture 
- - 159 - mm 4P 
{a) All with decomposition! initial bath temperature 150-155°, 
1^.-5 minutes heating. 
(b) Mercurimetric 
2. Ester Hydrochloridea 
Isomerically pure anhydrous phenylserine {3.62ij. g., 
0.0200 mole), suspended in the appropriate alcohol (36 ml.), 
was treated \inder anhydrous conditions with a vigorous stream 
of dry hydrogen chloride for 2.5-3 hotirs, with sufficient 
heating to maintain gentle reflux. Complete solution of the 
amino acid occurred within five minutes, accompanied by evolu­
tion of heat. Except in the case of the isopropyl derivative, 
optimum recovery was achieved by concentrating the alcoholic 
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solution in vacuo almost to dryness, with care to avoid excess­
ive heating, taking up the residual oil or paste in a small 
volxame of the hot parent alcohol, and rapidly adding ether to 
incipient crystallization. The isopropyl compound started to 
precipitate after 1.5 hours of hydrogen chloride treatment, at 
the close of which it v;as redissolved by addition of an equal 
volume of boiling isopropanol (no ether added). The resultant 
ester hydrochlorides v/ere isolated following overnight refrig­
eration, suction-filtration, washing with other and dryinr^ in 
air at Small second crops v/ere obtained from the filtrates 
by repeating the concentration procedure outlined above. 
Table 21]. 
Phenylserine Ester Hydrochlorides 
Ester Yield (a) M.p. ^ Gl(c) ^ H 
hydrochloride Wt.,g. ^ °C.(b) Calcd. Pound Calcd. Found 
Methyl i^.360 9l|. 160(dec.) 15.30 111-.99 
15.03 
6. 05 6,00 
6.01 
Ethyl il..796 98 II4.0 llj..ii.3 ll|..6l 
4.71 
5. 70 5.61 
5.66 
n-Propyl k'^79 90 131 13.65 13.30 
13.62 
5. 39 5.18 
5.21 
j.-Propyl h*9k.7 95 i S k i d )  13.65 I3.3l|-
13.51 
5. 39 5.31 
5.35 
(a) Total yield of crude product, first and second crops 
(b) Values cited are far the first crop of recrystallized 
material* 
(c) Mercurimetric 
(d) M.p. 165® (dec.) noted with another liupger batch 
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For analysis, the first and second crops of each crude 
product were combined and recrystallized from a rainimura of hot 
parent alcohol, with ether added to the point of incipient 
crystallization. The ester hydrochlorides were recovered in 
the range 92-97€. The meltinc point of the isopropyl compound 
rose only 1® (cotnparlnr first crops), and those of the other 
ester hydrochlorides remained unchanged. Microscopic exam­
ination showed the four substances to be of the thin hexagonal 
plate form, the metlayl and isopropyl derivatives favoring a 
diamond-shaped modification and the ethyl and propyl compounds 
being frequently elongated to blades. 
Samples of isomerically pure anhydrous allophenylserine 
g., 0.0200 mole) were treated in the manner Just 
described for phenylserine. Variations encountered in times 
Table 25 
Alcohol-Hydrogen Chloride Treatment of Allophenylserine 
Alcohol Time (min.) for P'inal vol. 
solution crystal­
lization 
reaction ml. 
Methyl 5 15 150 90 
Ethyl 5 15 150 126 
n-Propyl 60 2i|.0 72 
i-Propyl (a) 150 180 300 90 
(a) After 120 minutes, 2i|- ml. more 
promote solution. 
of i-propanol was added to 
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observed for solution of the amino acid, for the start of 
precipitation of the ester hydrochloride from the hot alco­
holic solution and for total reaction, as well as the volumes 
of boiling appropriate alcohol finally added to dissolve the 
precipitated product are sxiramarized in Table 2$* No ether was 
added prior to refrigeration and isolation of the first crops 
of crude products. Small second crops were obtained in the 
way described for phenylserine ethyl ester hydrochlorides. 
All four eor!:5)ounds were in the form of hexagonal or parallelo­
gram plates. 
Table 26 
Allophenylserine Ethyl Ester Hydrochlorides 
Ester Yield (a) M.p. ^01 (c) % 
hydrochloride Wt,,g. % "C.lb} baled. Pound baled< . Pound 
Methyl 97 180 (dec.) 15.30 iIj..98 
15.00 
6.05 5.98 
6.05 
Ethyl i}..733 96 178 (dec.) lii..43 1I1.54 
14.71 
5.70 
l:U 
n-Propyl 5*031 97 160 13.65 13.32 
13.4.5 
5.39 5.21 
5.27 
j^-Propyl {d) 5.069 98 159 (dec.) 13.65 13.60 5.39 
5.2§ 
(a) Total yield of crude product, first and second crops 
(b) Values cited are for the first crop of recrystallized 
material. 
(c) Mercurimetric 
(d) M.p. 165° (dec.) noted with another larger batch, ester-
ified during i|.00 minutes, after recrystallization 
from isopropanol alone 
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Recr^^stallization was again effected frora the parent 
alcohol-mixture, ^vith 82-9^}.;;' recovery. The raeltinr; points of 
the ethyl and Isopropyl derivatives rose by 1® and 2° 
respectively, the others undergoing no change (comparing first 
crops). 
3. Esters 
Portions (0.0100 mole) of the various phenyls;rine and 
allophenylserine ester hydrochlorides, noted in the preceding 
section, were converted to the corresponding free esters by 
treatment v/ith ammonia gas in ether, by using the procedure 
described earlier for preparation of phenylserine methyl 
ester. After removal of ammonium chloride, the ether solutions 
Table 2? 
Reactants for Ester Synthesis 
Sster hydrochloride »t,, ather, ml. 
Methyl 2.317 115 
Ethyl 2.457 123 
n-Propyl 2.597 130 
i-Propyl 2.597 130 
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were evaporated to dryness in a dry air stream and the crude 
crystalline products wero recrystalllzed from ether-Skelly D 
directly. Second crops were obtained by further addition of 
Skelly D to first crop filtrates, without concentration. 
Table 28 
Phenylserine and Allophenylserine Esters 
Ester Yield (a) M.p» ^ N 
Wt.,g. ^ (b) Calcd. Pound 
Crystal 
form 
Phenylserine 
Methyl 1470 75 62 
Ethyl 1.602 77 
n-Propyl I.9OO 85 59 
i-Propyl 1.976 89 75 
Allophenylserine 
Methyl 1.7^7 89 110 
Ethyl 1.937 92 86 
n-Propyl 1.996 89 63 
i-Propyl 1.896 85 75 
7.17 7*09 needles 
7.15 
6.69 6.5^4- mica plates 
6.58 
6.27 6.18 needles, blades 
6.22 
6.27 6.21 needles, blades 
6.25 
7.17 7.15 mica plates 
7.15 
6.69 6.50 needles 
6.57 
6.27 6.23 needles 
6,214. 
6.27 6.27 needles 
6.30 
(a) Total yield of once recrystalllzed product, first and 
second crops 
(b) Values cited are for the first crop of twice recrystal­
llzed Biaterial. 
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For analysis, first and second crops -were combined and 
recrystallized from ©ther-Skelly B. Single crop recoveries 
were in the range 71-91/^. The melting points of phenylserine 
isopropyl, and of allophenylserine methyl and isopropyl esters 
were imchanged; those of the other esters rose only 1° (compar­
ing first crops). 
ij.. Alkaline hydrolysis of ester hydrochlorides! absence of 
epimerizatilbn 
Preparation of allophenylsorinQ by hydrolysis of its 
ethyl ester hydrochloride with 1.95 H sodium hydroxide at room 
temperature has already been described. Another batch of the 
same starting material (9.828 g., O.OifOO mole) was treated by 
the same procedure, with an extra feature. Prior to acidifi­
cation, 45 ml. of dioxane was added to the alkaline solution, 
which remained clear. As the pH was adjusted to 5 with 
concentrated hydrochloric acid, rapid precipitation of the 
hemidioxanate occurred. This adduct was subsequently recov­
ered in virtually quantitative yield {8.966 g.) in a single 
crystal crop. 
Isomerically pure phenylserine ethyl ester hydrochloride 
(9*828 s*) was hydrolyzed by the sarae technique, 1|.3 ml. of 
ethanol being added prior to acidification. Thus, 6.480 c, 
(81^ yield) of phenylserine monohydrate was obtained in one 
crop. 
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Paper chromatography was used to check isomer purity of the 
above crystal crops in 2,^% (W/v) aqueous solution, and of the 
undiluted filtrates from which they had beon obtained. Only 
the expected Isomers were detected in each case. 
Several batches of impure phenylserine ethyl ester hydro­
chloride, from which most of the alio Isomer had been removed 
by passage through acetone, were combined and re cry stall is: ed 
from ethanol-ether. A sample (9»823 g.) of the recovered 
material was subjected to alkaline hydrolysis in the same way 
as the pure isomer. By use of paper chromatography the 
crystalline phenylserine monohydrate obtained (6.30ij. g.) was 
fo\md to contain ca.l/l {0«06 g.) of allophenylserine, and the 
filtrate ca. 0,l|. g. of this Isomer. Thus, the starting 
material was contaminated with roughly of the alio isomer. 
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IV. DISCUSSION AKD CONCLUSIONS 
A» Phenylserine from Condensation of Benzaldehyde and Glycine 
In early phases of the investigation, a method was sought 
by which phenylserine could be obtained in reasonable quantity 
with a minimiim of manipulation, and by which analogues might 
be prepared. First, the Porster suid Rao modification (1) of 
the original Erlenmeyer procedure (2) was tested. Gold ethanol 
washing of the condensation intermediate was found to be poorly 
effective in removing excess base, as well as time-consuming. 
Yield of the final product was only tnoderate. 
Reaction of benzaldehyde with glycine in presence of 
aqueous potassium hydroxide occurred more slowly, possibly due 
to greater solubility of intermodiate potassiiom salts Involved, 
Phenylserine was obtained in lower yield and purity. Hecrys-
tallization of the crude product was Impeded by the presence 
of by-products, probably diphenylhydroxyethylaraines. 
The German patent procedure (3) proved to be eminently 
satisfactory. The condensation proceeded smoothly and inter­
mediate processing offered no difficulties, Phenylserine, 
(1) M. 0, Porster and K. A. N. Rao, J. Chem, Soc.. 1914-3 (1926). 
(2) E, Erlenmeyer, Jr., and E, Frithsttxck, Ann.. '28[t.. 36 (l89i|.). 
{3) Ges, fur Kohlentechnik m.b.H. German patent bi2,k2k» 
July 8, 1936. 
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uncontamlnated by amlnol bases, was produced in good yield. 
Anomalous recovery of 103^ upon recrystallization was noted, 
but was considered at the time to be due to incomplete 
dehydration. 
Seemingly minor points of processing are of concern. 
Banzaldehyde which has been exposed to atmospheric oxidation 
or which is otherwise impure frequently fails to condense 
with glycine. The material may be redistilled or drawn from 
a freslily opened bottle, the remainder of whose contents are 
adequately protected by sealing the screw top well with plastic 
tape. Aqueous filtrates from the crude cake retain phenyl-
serine in amounts varying with pH. Loss at this point is 
reduced by use of an equivalent quantity of hydrochloric acid, 
which is predetermined by titration of an aliquot against the 
sodium hydroxide stock solution used to dissolve the glycine 
initially, Elutlon of phenylserine on hot alcoholic washing 
varies with the amoxmt of aqaeous phase left in the crude cake, 
as well as with the volume of alcohol used. 
Decomposition temperatures of the various phenylserine 
fractions fell in the range 189-197°, Degree of hydration, 
mode of preparation or nmber of the crystal crop had little 
apparent effect. Reprodticlbllity was poor, variation occurring 
with both temperature and duration of heating. Thus, no 
indication of more than a single isomer was provided. 
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A lone attempt to extend the German proced\xre to synthesis 
of p-2-furylserine was unsuccessful. Other workers (1) have 
recently reported similar inability to condense furfural with 
glycine in presence of aqueous sodium hydroxide. 
B. Transformation of Phenylserine to Chloramphenicol 
Phenylserine was successfully converted to the racemic 
form of the antibiotic. The sequence of reactions found most 
satisfactory for the purpose is summarized in Pig. i}., with 
the yield for each step indicated. The overall yield of the 
process approximated 8^. Only cursory attention was given to 
improving the efficiency of the last three steps, procedures 
for mhich were first set forth by the Parke, Davis and Co, 
group in their classic synthesis of chloramphenicol (2). 
The main crop of phenylserine prepared by the German 
patent procedure consists of a single pure diastereomer, a 
fact for which concliasive evidence is presented later in this 
discussion. The transformation to chloramphenicol, to which a 
threo configuration has been assigned (3), clearly establishes 
phenylserine as a structural analogue of the natural amino 
acid, threonine. This feature is of advantage for synthesis 
(1) K. Hayes and G. Gever, J. Org. Chem.. l6, 269 (1951). 
(2) J. Controulis, M. G. Rebstock and H. M. Crooks, Jr., 
J. Am. ChQgj* Soc*. 71. 2I+63 (19^9)« 
(3) M. C. Rebstock, H. M. Cro^s, Jr., J. Controulis and 
Q. R. Bartz, ibid.. ^ l, 2it58 (19ij-9). 
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of the antibiotic, since it obviates troublesome no; aratlon of 
isomers at the aminediol stage. 
Phenylsorine ester hydrochlorides were obtained readily in 
excellent yield, nicely crystalline form and high purity. These 
compounds are not appreciably hygroscopic and can be stored 
indefinitely at room temperature. The Hillmann proced\ire (1) 
for conversion to the free esters, by treatment with 2% 
aiaraonia in cold chloroform, was fotind poorly applicable, due 
to formation of arataonium chloride in troublesome colloidal 
form. Transformation is effected without such manipulative 
difficulty by bubbling ammonia gas through an ether suspension 
of the ester hydrochlorides. The free bases are easily 
Isolated in high yield subsequently. The recrystalllzed 
esters may be kept in a desiccator over anhydrone for some 
weeks, although, even then, declining melting point suggests 
deterioration. Impure products, or those open to the atmos­
phere, degenerate ir.ore rapidly to oily gums sraellln:^ of ammonia 
and benzaldehyde. In view of this instability. Isolation and 
storage of the intermediate ester hydrochlorides is deemed 
more practical than direct conversion of phenylserlno in large 
quantity to the free esters, even though the latter course 
gives higher yields and involves less manipulation. 
(1) G. Hillmann, Z. Haturforsch.. 1, 682 (19ij-6). 
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Reduction of phenylscrlne esters with lithium aluminum 
hydride was acconiplished via modification of procedures xised 
by the Karrer group with other amino acid esters (1). Intro­
duction of the ester by v/ay of Soxhlet extraction is a 
convenient way of controllinfj; reaction vigor. On one occasion 
when water was added through a dropping funnel to the reaction 
mixture to destroy excess lithium alLiminutn hydride, small 
flames and sparks flickered trjcough the ether slurry, with 
carbonized areas appear-in,:; on the flask v/all. Thus, the 
danger of violent explosion at this point is noteworthy. By 
contrast, decomposition proceeded quietly when ether saturated 
with water was used. Yields of phenylserinol ^ era only 
moderate on most occasions. Inefficient extraction of ths 
arainediol from the lithium-aluminum residues is considered 
to be the cause, rather than incomplete ester reduction. This 
contention is supported by the recovery pattern observed in 
the case where twelve ether extractions gave a yield. 
Hot ethanol or chloroform are poorly effective as extracting 
solvents. An attompt to proceed, without Isolation of phenyl-
serinol, directly to its triacetyl derivative, although fairly 
successful, was time-consuming and soaewhat impractical from 
(1) P. Karrer, P. Portmann and M. Suter, Helv, Chim, Acta, 
21, 1617 (i9W)j ig, US6 (i9t9)': ; 
P. Karrer and P. Portinann, ibid., 31, 2088 (19kB)i 
103i^ (191^9). 
P. Karrer, M. Suter and P. '^/aser, ibid.. J2, 1936 (19if9). 
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the standpoint of cost. To achieve better yield, other 
solvents should be tested, as well as the possibility of 
solubilizing the interfering aluminum hydroxide by use of 
citrate, tartrate or other complexing agents. 
Elimination of erythro compounds was achieved at the 
N,0-diacetylphenylserinol stage by the Parke, Davis and Co. 
group (1). This derivative is no longer important in the 
phenylserine route to chloramphenicol, in which only threo 
compoiands are encountered. Good yields of the N-acetyl and 
H,0-diacetyl derivatives are not a3.ways attained, due to 
formation of mixtures upon attempted partial acetylation. 
By contrast, triacetylation proceeds almost quantitatively. 
As already remarked by the Parke, Davis and Go. group, 
triac©tyl-£»nitrophenylserinol is not easily purified without 
loss, and acid hydrolysis of the covering groups v/lthout 
isolation, is the more practical approach. Both this step 
and the final dichloroacetylation operation need further 
study to improve recoveries. 
Shortly before the findings of this study were reported 
(2), announcement was made of work along the same lines by two 
(1) J. Controulis, M# C. Rebstock and H. M. Crooks, Jr., 
J. Am. Chem. Soc.. 71, 21^.63 (19i}-9). 
(2) K. H. t*. Shaw and S. W. Pox, Abstracts of Papers, ll8th 
Am. Chem. Soc* Meeting^, p. 2t5N (1^50) • 
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groups in Italy (1,2). Subsequently, additional papers in 
the same vein appeared in the literature (3,if,6)« It had 
originally been planned to use knowledge acquired from the 
phenylserine-chloramphenicol sequence in attempting the 
synthesis of heterologuea and other derivatives of possible 
chemotherapeutic value. However, in the face of clearly 
indicated interest in problems of this sort displayed by 
various pharmaceutical groups, attention was returned to 
phenylserine itself, with which promising new leads had 
already been obtained. 
G. Characterization of Allophenylserine 
As already discussed under REVIEW OP LITERATURE, 
Erlenmeyer contended that bonzaldehyde-glycine condensation 
produced not only phenylserine, but also minor amounts of 
its expected diastereomer. Later investigators neglected 
or failed to verify this contention. 
(1) C. G. Albert!, B. Asero, B. Caraerino, R. Sannicold and 
A* Vercellone, Chimica e industria (Milan). 31. 
357 (1949). 
(2) G, Carrara and G. Weitnauer, Gazz. chim. ital., 79. 
856 (19i|.9). 
(3) K. Vogler, Helv. Chim. Acta. ^ 3, 2111 (1950). 
(4) K. Hayes and G. feever, J.' Orp;. Ghem.. I6, 2o9 (1950). 
(5) C. P. Huebner and G. R. Scholz, J, Am,Them, Soc., 73, 
2089 (195l)» 
(6) G. W. Moersch (to Parke, Davis and Co.). U. S. Patent 
2,538,792. January 23, 1951. 
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On one occasion, tail crops of phenylserlne from potassium 
hydroxide-catalyzed condensation, which showed the same 
melting rang© but rauch finer crystalline form than first crop 
raaterial, were treated with hydrogen chloride in ethanol. It 
was of particular interest to observe the xinexpected precipi­
tation of an ethyl ester hj^drochloride v/liich was in appearance 
quite different froa that of phenylserine. The same phenom­
enon was encountered r/hon tail crops from the German patent 
procedure were used. The new compoiind was readily converted 
to its parent ester by treatment with ammonia in chloroform. 
The probability that the two substances were isomers of the 
corresponding phenylserine derivatives was first suggested by 
analytical data. Confirmatory evidence was provided by 
lithium aluminum hydride reduction of the new ester to 
dl-erythro-l-phenyl-2-amino-1.3-propanedlol. which was further 
characterized as its N-acetyl, K,0-diacQtyl and triacetyl 
derivatives by use of Parke, Davis and Co. procedures (1). 
The free hydroxyamino acid, named allophenylserine because 
of its obvious structural relation to allothreonine, ia 
easily prepared by cold alkaline hydrolysis of the ester 
hydrochloride* Although its decomposition temperature, alone 
or mixed with phenylserine, falls in the same range as that 
of the latter, allophenylserine is individually distinct in 
(1) J. Controulis, M. C. Rebstock and 11. M. Crooks, Jr., 
J. Am. Chem. Soc., 21, 2ii.63 (19lj.9). 
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its crystal form. 
Plndincs of this invostir^ation partially justify 
Z.rlenKieyer's early claim, insofar as it is reasonable to 
siippose that he obtained allophenylaarine considerably 
contaminated v/ith the less soluble phenylserine, from the 
mother liquors of benzaldehyde-gljfcine condensation. 
However, crystallization studies, discussed later, point 
to the Improbability of his having prepared isomerically 
pure allophenylserine by mere recrystallization from 
v/ater-ethanol. 
D. Partial Separation of Phenylserine and Allophenylserine 
via Ethyl Ester Hydrochlorides 
After characterization of allophenylserine, it was of 
obvious interest to ascertain just how conditions of benzal-
dehyde-glyclne condensation could be modified to produce 
this diastereomer in quantity. Before such investigation 
could be pursued, the problems of distinguishing and sepa­
rating the compound from phenylserine required attention. 
Crude phenylserine was prepared by the derman patent 
procedure (1) with only four hours standing allowed before 
acidification of the condensation intermediate, instead of 
the prescribed twenty-four. To determine whether recrystal­
lization of the product from various media brought about any 
{1) Ges. fiir Kohlentechnik m.b.H. German patent 632,lt2li. 
July G, 1936. 
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separation of the hydroxyamino acid diastereoraers, conversion 
to the ethyl ester hydrochlorides was used. Allophenylserin® 
ethyl ester hydrochloride precipitating out was tveighed. That 
remaining in solution was estimated on the basis of rough 
solubility data, and thus a tentative indication of isomer 
content in the original crude product and the recrystallized 
fractions was provided. Recrystalllzation from water lowered 
alloph^nylscrine content from no greater than 30/a in the 
crude JTiaterial to less than 10^. Likewise, successive rccrys-
tallization of crude product from methanol and $0% 
ethanol gave crystals apparently quite devoid of allophenyl-
serine. Dioxane showed promise of utility in cleaning up 
tall fractions containing alloxohenylssrine from mother 
liquors, although this solvent again gave anomalously high 
recoveries. 
At this point, the means were available for securing a 
pure phenylserine head fraction and for recovering a tail 
fraction of increased allophenylserine content. By treating 
the latter with hydrogen chloride in ethanol, varying amounts 
of pure allophenylserine ethyl oster hydrochloride were 
obtainable. ?Jith an eye to ftxrther fractionation of the 
mixed ethyl ester hydrochloridoG then recovered from ethanol 
mother liquors, the solubilities of the individual ethyl 
ester hydrochlorides in various organic solvents were compared. 
Although the alio compound alone proved to be poorly soluble 
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in dioxsuie. It dissolved readily in the presence of its 
diastereomer. Manipulativs difficulties arising froia, high 
froesing point fuj'ther disqualified dioxane as a separating 
solvent. The possibility that acetone might prove suitable 
was suggested by a report tliat the ethyl ester hydroclilorides 
of threonine and allothreonine differed greatly in their 
solubilities in this solvent (I), The two ethyl ester hydro­
chlorides in the phenylserine aeries also showed wide 
solubility differences in acetone, but, curiously, order was 
reversed, the alio compound being the less soluble. Again, 
solubility of allophenylserine ethyl ester hydrochloride was 
found to rise in presence ofphenylserine ethyl ester hydro­
chloride, but not to as great a degree as in dioxane. While 
of use for augmenting stocks of allophenylserine ethyl ester 
hydrochloride, acetone passage was not entirely satisfactory, 
since a substantial fraction of phenylserine derivative with 
an estimated 5-10,€ alio content remained. 
The scheme of isomer separation devised on the basis of 
the foregoinc observations is summarized in Pig. Several 
disadvantageous features are visible. Recovery of each 
isomer in pure form is moderate, but incomplete. Too many 
operational steps are Involved to pemiit more than a rorigh 
estimate of isomer content in the original crude condensation 
(1) D. P. Elliott, J. Ohem. Soc., 589 (19l}-9). 
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• l83 -» 
product. Thus, a detailed study of the condensation reaction 
itself is not facilitated. 
B« Paper Cliromatography 
The problem of isomer estimation similarly arose in 
studies on synthesis of threonine and aliothreonine. In these 
cases, a solution was found in the form of a microbiological 
assay method specific for L-tlireonine (1). Whereas the 
likelihood of finding ari organism requirinc phenylserine or 
allophenylserine for growth appeared to be small, the prospect 
of developing an assay method based upon competitive inhibi­
tion of phenylalanine or threonine utilisation seemed mora 
reasonable. However, paper chromatography, given first 
attention in view of its simple technique, speed and low 
cost, was found to satisfy all needs of this study, 
Phenylserine and allophenylserine are separated on paper 
chromatograms by use of the upper water-poor layer from a 
mixture containing by volume 50^ butanol, 6*25-7*5^ acetone, 
6«25-7»5^ concentrated ammonium hydroxide and the rest water# 
For optimum results, acetone level is critical over a small 
range, whereas the amoimt of ammonia has much less effect, ex­
cept at relatively high or low lovols. Outside the specified 
limits for these components,, separation of the two isomers, 
(1) K. Pfister, E. E. Howe, C. A. Robinson, A. C. Shabica, 
E. W« Pietrusaa and M. Tlshler, J, Am, Ghem, Soc., 
21, 1096 {19il-9). 
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reflected InARp values, is less extensive. The migration 
of one isomer is not influenced by that of the other, 
regardless of the relative concentration of either. As is 
now well known, Rp values vary somewhat with such factors 
as different solvent batches, grade and grain of paper and 
external temperature. Any difficulties arising in this regard 
are readily avoided by running;: suitable controls along; with 
unknowns. The more serious effect of sample pH is of no 
concern here, since the solvent mixture employed is effectively 
buffered. 
The paper chromatographic technique is qualitatively 
useful over the concentration range 0.01-2.^?^ (W/V) with 
either diastereomer} e.f:» one part of allophenylserine in 
250 of phenylserine is detectable when a solution is 
chroraatographed. P'or approximate quantitative work and for 
comparison purposes, solutions containing 0«05-0.2',^ of the 
given hydroxyamino acid are satisfactory. Greater analytical 
accuracy and precision, not sought in this study, could be 
achieved by use of standard volumetric laicropipettes for 
dispensing solutions on the paper sheets, and by estimating 
areas of the ninhydrin-developed spots photometrically. The 
sensitivity, 25 or less, is an obvious advantage. 
The paper chromatographic method proved to ba a powerful 
tool in this investigation. The effect of changing reaction 
conditions in benzaldehyde-glycine condensation on ratio of 
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diastereomers in the crude product was readily followed. 
Processing losses became controllable. The efficiency of 
schemes devised to separate the isomers and the isomeric 
purity of various fractions thereby obtained were easily 
checked. The possible applicability of paper chromatography 
in similar fashion to other organic reaction studies is thus 
worthy of consideration. 
The solvent mixture used with the phenylserines was foxind 
also to be effective in separatinr- the structural analogues, 
threonine and allotlireonino. No attempt was made in this 
case to vary the proportion of solvent constituents in order 
to attain maximum ARp» With only slight improvement in 
this direction, the method would be of value for following 
isomer content in threonine synthesis, especially with 
production on an industrial scale. Similar investigation 
of other amino acids with more than a single asymmetric 
centre, e.R, isoleucine, hydroxyproline, would be of 
interest. Paper chromatographic separation of peptide 
diastereomers has already been achieved (1), 
(1) J. Vf. Hinman, E. L. Caron and H. N. Christensen, J. Am. 
Chem. Soc.. Ji, I62O (1950). 
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P. Effect of Condensation Tlrae on Phenylserine Dlastereomer 
Content and Yield: Possible Reaction Mechanism 
In some early condensation runs by the German patent 
procedure (1), only four hours, instead of the prescribed 
twenty-four, were allowed to elapse between congelation of 
the insoluble interm,ediates and acidification. ITaen crude 
products were converted to ethyl ester hydrochlorides, more 
alio compound was obtained than expected. This was the first 
indication that condensation time was related to dlastereomer 
content. Closer examination of the situation became possible 
after the paper chromatographic method had been devised. 
Total yield of tlie phenylsorlnes is only moderate with a 
short condensation time, due to Incomplete reaction (indicated 
by presence of xinreacted glycine). The high yield obtained 
with a 2i|. hour period is fully in accord with the claims of 
the German patent (1). Yield appears to fall slightly with 
a longer condensation time, possibly because of slow side 
reaction leading to the diphenylhydroxyethylamines. 
The effect of condensation time on the all©phenylserine 
content of crude products is striking. With a one hour 
period, allophenylserlne is fomed to an extent comparable 
to phenylserine. ?»lth increasing condensation time, the 
allophenylserlne level falls rapidly, the compound no longer 
(1) Ges. fur Kohlentechnlk m.b.H. German patent 632,Ji2ii.. 
July 8, 1936. 
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being demonstrable in the crude product vrfien a 2l|. hour interval 
is used. The smaller amounts of this diastereomer then 
produced remain dissolved in aqueous mother liquors or are 
eluted during hot ethanol washing. 
This course of events partly explains why earlier inves­
tigators were xmable to secure allophenylserine. Porster and 
Rao (1) specified 2.1\. hours prior to acidification, whereas 
Erlenmeyer's procedxxre (2) vaguely called for a standing 
period of several hours. In the latter instance, with more 
procedural steps involved, the likelihood of losing allo­
phenylserine by solution was correspondingly greater. In 
this light, it is open to question whether allophenylserine 
was present in preparations synthesized by other workers 
according to either of these methods. The proximity of 
decomposition temperatures of the two isomers, alone or mixed, 
and the lack of other suitable means of differentiation here­
tofore, are features which would have complicated recognition 
of allophenylserine, even had it been encountered as a major 
product* 
The problem of easily synthesizing allophenylserine has 
been solved. Yield of this isomer, as well as of phenyl-
serine, could be improved by slightly modifying the 
(1) M. 0. Forater and K. A. N. Rao, J. Chem. Soc.. 19i{.3 (1926). 
(2) E. Erlenmeyer, Jr., and E. Fruhsttick. Ann.7~2olj-. 3D (l89l{.)-
- 188 -
procedure to curtail losses to the aqueous filtrate or to the 
ethanol wash. If desired, refinements of paper chromatographic 
technique, suggested in the preceding section, could be 
employed to secure analytical data more accurate than the 
obvious approximations presented in Tables 18 and 19» Of 
greater potential interest would be the study of the conden­
sation tliae-lsomer ratio relation in other similar reaction 
systeras. The recently reported synthesis of p-2-thlenyl-
serine {1) along lines of the German patent procedure (2) 
Is worthy of reinvestigation. The possibility of preparing 
other heterocyclic serine dlastereoraers is also attractive, 
particularly from the chemothcrapeutlc standpoint. 
Mechanisms offered in the past to explain forraatlon of 
phenylserlne from benzaldehyde and glycine have been 
discussed under REVIEW OF LITERATURE. H-Benzalglyclne in 
anionic fom and the sodium salt of N-benzalphenylserlne 
were postulated as intermediates, with only the latter 
claimed to have been isolated. It is clear from observa­
tions made in the course of this Investigation that the 
reaction Is by no means as single as supposed hitherto, 
and that probably still more intermediates are Involved. 
(1) G. Weitnauer, Gazz. chim» 11al., 81. l62 (19^1)» 
(2) Ges. fur Kohlentechnlk m.b.!fi. German patent 632,h.2h.» 
July 8, 1936. 
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A tentative reaction path, v.'hlch reasonably explains the 
findings of this study is presented in Pig. 6# It is to be 
emphasized that for conclusive verification, the scheme still 
requires the actual isolation and characterization of 
individual intermediate compounds. 
''aien hif:h speed agitation of the condensation reactants 
was effected by means of a Eershberg stirrer, precipitation 
of a nev/ substance was observed after 2-3 minutes. This 
phenomenon, not reported by other Investigators, did not 
occur with slow mixing of the reactants. If the initial 
reaction is heterogeneous, the increased surface area 
resulting from finer dispersion of the benjsaldehyde droplets 
could be responsible. Thus, rdth slow stirring, concentra­
tion of an early intermediate could remain low, as a result 
of its undergoing further reaction. At higher speeds, 
momentary precipitation of this intermediate would follow 
from the fact that its solubility value had been exceeded. 
The more rapid final congelation of the reaction taixture 
occurring at higher stirring rates (30 instead of 1^$ minutes) 
shows the influence of this factor. 
It is reasonable to suppose that reaction conmences with 
nucleophilic attack on the benzaldehyde carbonyl group by 
the glycine nitrogen, followed by loss of a proton from the 
latter. Acquisition of a proton by the oxygen of the former 
benaaldehyde part of the adduct, elimination of the resultant 
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hydroxyl group, with a concurrent electron sMft from the 
nitrogen, and, finally, loss of another proton from the 
nitrogen would lead to the Schiff base anion (I) of benzal-
glycine. At high concentration, this moiety would precipitate 
from solution as itia sodium salt. 
To arrest reaction at this point, and thereby to facilitate 
isolation of the first solid intermediate, several approaches 
merit considerotion. Dilution of the reaction raixture with a 
less polar aprotic solvent, e,^, diozane, or adjustment of 
pH toward neutrality {dry ice) might be of value. Alterna­
tively, the purpose might be better served by initial use of 
lower pH, of a weaker basic catalyst or by operating at a 
lower temperature to decrease reaction rates. Once isolated, 
the compound could be readily checked for identity with 
sodium benzalglycinate. 
The rapid redissolving of the first intermediate could be 
related to base-catalyzed formation of an a-carbanion {II), 
of which several contributing forms are depicted in Pig. 6. 
Nucleophilic attack by II on another molecule of benzaldehyde 
would proceed in a non-stereospecific fashion to give III 
{tvsTo geoisomeric pairs of diastereomers), Extensive precipi­
tation of sodii:3ia salts from III with rising concentration 
would correspond to solidification of the condensation 
reaction mixture after 30 minutes. Some dissolved III could 
undergo cyclization to give the oxazolidinecarboxylat© 
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stnictxar© (IV), for which four diastereomeric forms are 
equally possible and v/hose sodium salts may also be poorly 
soluble, A certain amount of unreacted I could also be 
present. Such a combination of featiares would aptly explain 
why acidification after a one hour condensation period leads 
to free benzaldehyde in fair quantity, roughly equal amounts 
of phenylserine and allophenylserine (but not in high total 
yield), and some free glycine. 
If the insoluble condensation intermediates are allowed to 
stand for four hours, acidification is no longer accoKipanied 
by appearance of free benzaldehyde in the medium, even at pH 
2.8. As lumps of the condensation material slowly disinte­
grate, another new substance is thrown down. Its precipita­
tion occurs to a greater extent, and the yield of phenylserine 
finally obtained is greater, v/hen sufficient acid is added to 
give pH than when pH is adjusted to £a. 5»7» the approx­
imate isoelectric point of phenylserine. V/hen this acidifi­
cation product is v/ashed with hot ethanol, benzaldeliyde is 
split out and a crude phenylserine remains in which the 
proportion of the alio isomer is relatively low. 
A reasonable explanation for the processing behavior 
Just described can be offered with the aid of the sequence 
in Fig. 6. ?/ith the passage of time, increased conversion 
of III to IV could occur. Under the influence of the 
hydroxyl ion present, there could arise a small amount of 
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the doubly charged anion V, in which coplanarity of the 
carbosylate group with the oxazolidine ring is worthy of 
note. Under conditions of equilibrium, return of the proton 
to the Ij.-'CJirbon of V would proceed with due regard for steric 
considerations» Thus, fomation of VI, in which the (3-phenyl 
and a-carboxylate groups are trans to one another, would be 
favored, rather than the corresponding ciS'-oxazolidine 
structure. If the sodium salts of IV and VI were less soluble 
than those from III, the former would slowly increase in 
quantity at the expense of the latter to a point where III 
would be a niinor constituent of the condensation cake. Under 
such circumstances, acidification would give the free 
2,5-diph©nyloxa2olidinecarboxylic acids, with the l4..5-trans 
form predominating. Poor solubility of this compound in the 
aqueous reaction medium at room temperature would irapeco a 
further ring-opening reaction. In the course of ethanol 
washing at higher temperatures, hydrolytic cleavage would 
lead to a crude phenylserine of low alio content. 
Isolation of the acidification product in a four hour 
condensation run should not prove too difficult, since it 
displays moderate stability. Its observed solubility in 
50^ methanol or 50,€ ethanol may prove applicable to its 
purification. Whether the compound is an oxazolldinecarbox-
ylic acid or whether it contains a C=»lf link could possibly 
be checked by examination of Infrared absorption spectra. 
• 19^ • 
BehaTrlor in the case of a 2l| hotir or longer condensation 
period could be correlated with a further transfonaation of 
VI to the sodium salt of K-benzalphenylserine (VII). Acid 
cleavage of VII, proceeding in the same fashion as with III, 
would lead exclusively to phenylserine. Only small amounts 
of allophenylserine would arise simultaneously, from hydrol­
ysis of residual quantities of earlier intermediates. 
Some consideration was given to other possible reaction 
mechanisms for the synthesis of phenylserine and allophenyl­
serine. One involved 2-phenyloxazolidonej another included 
2-phenyl-3-aziridinecarboxylic acid. Neither route proved 
as satisfactory as the one just described for closely 
correlating experimental observations. 
Reference has been made under REVIEW OF LITERATURE to 
Erlenraeyer's studies on the diphenylhydroxyethylamines, which 
form as by-products in the condensation of benzaldehyde and 
glycine, and vrtiich can constitute the main products if 
reaction conditions are suitably changed. A three configura­
tion was recently shown (1) for isodiphenylhydroxyethylamine, 
which is the predominating diastereomer obtained by this 
route. The preferential formation of this compound is 
reasonably explained by extension of the reaction sequence 
postulated earlier for synthesis of the phenylserinea. 
(1) J. Weijlard, K. Pfister, E. P. Swanezy, G. A. Robinson 
and M. Tishler, J. Am. Chem. Soc.. 22, 1216 (1951). 
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Steric considerations may again be invoked in dealing with 
the reaction between II and benzaldehyde, which would give 
coo' GOO" 
CH {II) CH {VIII) 
0' 0 HO HHp 
1 + 1  I I  \  /  ^  
C6H5--G + "IC—-HC6H5-—C C —G6H5—C»C-—H 
H H H 
isodiphenylhydroxy-
ethylamlne 
l4..5"tranS"diphenyl~2-oxazolidinecarboxylic acid (VIII) rather 
than the corresponding cis compound. Isodiphenylhydroxy-
ethylamine would result from acid cleavage of VIII. 
Several purposes could be served by further investiga­
tion of the glycine-benzaldehyde condensation. It may prove 
possible to arrest the reaction sequence at some intermediate 
in such a way that high yield could be attained without 
epimerization of the allophenylserine precxirsor. In this 
regard, use of bases other than sodium hydroxide to catalyze 
condensation might lead to desirable shifting of equilibria 
between intermediates, as a result of solubility changes. 
Epimerlzation may possibly be avoided by employing a weaker 
base in the system. Experiments should also be run to deter­
mine the influence of reaction temperature. A better under­
standing of the reaction mechanism, to be gained in such a 
study, may perait extension of the reaction scope in a 
beneficial manner. 
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Recent work {1,2) on interconversion of the individual 
stereoisomers of tlireonine and alio threonine via oxazoline 
intermediates points the way to solution of the same problem 
in the phenylserine series. However, an easier approach may 
lie through the reaction sequence presented for synthesis of 
the phenylserines. If this scheme be valid, then overnight 
standing of a well-agitated mixture of allophenylserine and 
benzaldehyde in aqueous sodium hydroxide should result in 
epimerization via the oxazolidine intermediates V and VI. 
If such be the case, phenylserine would bo obtained upon 
acidification of the reaction mixture. It would be of some 
commercial importance if epimerization of allothreonine could 
be effected in the same manner. 
G. Separation of Phenylserine and Allophenylserine 
via Solvates 
The probleiii of separating phenylserine and allophenyl­
serine at the hydroxysmino acid level became simplified with 
paper chromatography available to follow the progress of 
fractionation. It was recently reported (2) that the sodiian 
salt of threonine is much less soluble in ethanol than that 
of allothreonine, a finding which proved well-suited to 
(1) D. P. Elliott, J. Chem. Soc.. 589 (19lj-9); 62 (1950). 
(2) K. Pfister, G. A. Robinson, A, C. Shabica and M. Tishler, 
J. Am. Chem. 3oc«, Ji, 1101 (191^-9). 
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separation of these isomers. In this investigation, a limited 
parallel was observed with the phenylserine diastereouiGra, 
Althoufjh the sodium salt of phenylserine dissolved in ethanol 
to a lesser extent than that of allophenylserine, both are so 
poorly soluble that they show little promise for separation 
purposes. Further, slight scission of the molecule occurs 
under the basic conditions involved. 
Portions of crude phenylserine allophenylserine) 
from a one hour condensation run were recrystallized from 
different aqueous-organic media. Paper chromatography of tha 
various fractions thus obtaixied revealed a useful solubility 
pattern. Although phenylserine is less soluble than allo­
phenylserine in water or aqueous alcohols, the order of isomer 
solubility is reversed to a moderate extent in 5o€ aqueous 
acetone, and vary sharply in ^0% aqueous dioxane. Better 
recovery is achieved via ^ 0% ethanol, but the allophenylserine 
content of the crystal crop is only a little loss than that of 
the starting material, whereas with water alone, although 
recovery is lower, the product contains much less allophenyl­
serine. With 50^ acetone, the level of allophenylserine in 
the crystal crop improves somewhat; in $0% dioxane, this 
isomer is precipitated almost quantitatively. Total recovery 
is satisfactory in both cases. An explanation for this 
solubility behavior resulted from a study of the individual 
hydroxyamino acids, with samples whose isomeric purity had 
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been established by paper chromatography* 
Phenylserlne was well characterized by Srleniaeyer (1). 
In this study, the substance was rochecked, both in the 
anhydrous state and as the taonohydrate, in the coarse of 
preparing control samples for analytical work, and while 
exajaining behavior of the compound on recrystallization. 
Treatment of hot aqueous solutions of the compound with an 
equal volume of hot ethanol has been found highly satisfactory 
for achieving final purification, excellent recovery and good 
crystalline form. 
In the early part of this investigation, dioxane was 
considered merely as a satisfactory agent for recovering 
phenylserine tailings from aqueous mother liquors. However, 
in two instances discussed earlier, recovery was observed to 
exceed 100^. The reason for this anomaly became clear with 
the discovery that allophenylserine and dioxane combine in a 
2sl ratio to form a poorly soluble corapotjnd. The adduct 
precipitates rapidly in nicely crystalline form when a boiling 
aqueous solution of allophenylserine is treated with an equal 
volume of boiling dioxane. Mixture at lower temperatures 
sometimes leads to troublesome gelation. 
The fact that evacuation at moderate temperatures does 
not cause removal of dioxane from the addition compound 
(1) E. Srlenmeyer, Jr., and E. Pruhstiick, Ann.. 2Qk» 36 (l89i|.). 
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indicates strong binding of the solvent molecule. However, 
when an aqueous solution is simmered gently, the odor of 
dioxane is readily apparent in the vapors. If boiling is 
continued for a few minutes, the dioxane is completely 
expelled and the free amino acid can be recovered in anhydrous 
form from the solution. 
The Infrared absorption spectra of anhydrous dioxane, 
and of lujol mulls of phenylserine, allophenylserine and allo-
phcnylserine hemidioxanate were examined. Phenylserine and 
allophenylserine in the anhydrous state show general similar-
ity, with only minor changes apparent in allophenylserine 
hemidioxanate* In the dioxane adduct, it is noteworthy that 
the many broad absorption bands characteristic of dioxane are 
no longer readily apparent. Observation of such drastic 
alteration makes untenable an early view that allophenylserine 
hemidioxanate might be a clathrate compound. The possibility 
that the substance may be an oxoni\«n type salt is open to 
consideration (1). 
The ability of allophenylserine to unite with dioxane is 
of considerable practical value to phenylserine chemistry. 
It provides the means by which this otherwise difficultly 
accessible hydroxyamino acid can be readily separated from its 
isomer, and by which recrystallization can be effected with 
(1) P. Karrer, "Organic Chemistry", Elsevier Publishing Co., 
Hew York, 1950, l].th English ed., p. 2lj.6. 
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high recovery. 
By recrystallization from hot 50J^ acetone, allophenyl-
serine is obtained with good recovery in the anhydrous state 
as a bulky fluff of fine thread-like needles. The some form, 
with slightly lower recovery, results from slow cooling of hot 
aqueous solutions. By contrast, if a hot water solution of 
allophenylserine is suddenly chilled, or if clear solutions 
at room teiaperature are permitted to evaporate, dense hexag­
onal prisms of the hemihydrate are produced. 
The form in which allophenylserine is obtained from $0% 
ethanol varies according to other processing factors. Short 
needles of anhydrous material resulted in one case where a 
clear aqueous solution of the hydroxyamino acid was treated 
with ethanol at room temperature. On the other hand, only 
the hemihydrate was produced under similar circumstances 
when a seed of this crystalline form was initially added. 
On one occasion, addition of ethanol to en aqueous allophenyl­
serine solution containing sodium chloride caused precipita­
tion of still another solvate, in the form of rafted needles, 
which may have been a monohydrate. This material, unfortu­
nately destroyed, was of some historical interest, since 
Erlenmeyer had claimed isolation of an allophenylserine mono-
hydrate under comparable conditions (1). Reasons for the 
(1) E, Erlenmeyer, Jr., to., 307. 70 (1899) 
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probable Isomsrlc impurity of his material have already been 
discussed. 
A few minor points concerning recrystallization of allo-
phenylserine merit brief note* Although more soluble in water 
than its Isomer, allophenylserine in the anhydrous fluffy form 
is poorly wettablQ and hence dissolves slowly. Considerable 
simmering is required to prepare concentrated solutions. In a 
recent report {1) on preparation of "erythrophenylserine", 
this substance, as well as phenylserine itself, was stated to 
decompose on boiling, even in neutral media, with liberation 
of benzaldehyde. On some occasions in this investigation, 
aqueous solutions of the pure phenylserine diastereomers have 
been concentrated at atmospheric pressure with no sign of ap­
preciable decomposition. The technique which has been de­
scribed for recrystallization of allophenylserine from $0% 
acetone (mixing while hot, intermittent swirling) is designed 
to avoid gel formation and to furnish the compound in readily 
filtrable form. Ether washing is advised to eliminate traces 
of mesityl oxide, the odor of which is sometimes faintly 
apparent. 
By the use of integrated data from recrystallization 
experiments, the crude products of one hour condensation runs 
were effectively separated into isomerically pure fractions of 
(1) I. Elphimoff-Pelkin and H. Pelkin, Compt. rend,, 232, 
2i{.l (1951). 
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phenylserlne and allophenylserlne. A typical fractionation is 
summarized in P'ig. ?• Processing by the route outlined offers 
no particular difficulty and requires little actual working 
time* Recoveries of each isomer are excellent (values in 
Pig. 7 are related to the initial crude product, with no 
allowance made for the fact that tail crops can be reworked 
with subsequent fractionation runs). 
A brief study of the decomposition temperatures of 
phenylserlne and allophenylserine, as well as of their various 
solvates, was made in order to reemphasize the relative 
insignificance of this physical property as a criterion of 
purity, isomeric or otherwise, of the phenylserlne diaster-
eomers. It is to be noted that time and duration of heating 
are factors affecting the decomposition temperature consid­
erably more than degree of solvation or isomeric piirity, and 
that the testing of mixtures gives scant information of value 
with these compounds. 
H. Derivatives of Phenylserlne and Allophenylserine 
Phenylserlne hydrochloride, m.p. 157^» has been mentioned 
as an intermediate in conversion of phenylserlne to its ester 
hydrochlorides (1). More recently, "erythrophenylserine" 
(1) 0. Carrara and a. Weltnauer, Gazz, chim. ital., 79. 8^6 
(191^.9). 
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hydrochloride, m»p» 212°, was briefly noted (1). Neither com-
poTAnd was characterized by analytical or other data. 
In tMs study, the hydrochlorides were readily prepared 
by brief treatment of the isoraerically pure Individual hydroxy-
amino acids in anhydrous dioxane with dry hydrogen chloride. 
Addition of ether to the resultant clear solutions precip­
itated the products in high yield. Recrystallization could 
not be effected from fresh dioxane in which the coiapounds 
were poorly soluble and showed signs of decomposition on pro­
longed simmering. Purification was effected via methanol-
ether, with short contact time and avoidance of elevated tem-
peratijres to minimize possible formation of methyl ester hydro­
chlorides. Each hydrochloride decomposed at ca. l60°. 
In the early phases of this investigation, phenylserlne 
methyl and ethyl ester hydrochlorides were prepared from 
phenylserlne monohydrate, Allophenylserine ethyl ester hydro­
chloride was obtained as an unexpected by-product from proc­
essing phenylserlne tail crops. When it became possible to 
check isomeric purity of the amino acids by paper chromato­
graphy, repetition of these syntheses was deemed in order. 
The fact that the various ester hydrochlorides were then 
obtained in almost quantitative yield Is attributed in part 
to use of anhydrous starting materials, and higher temperatures 
(1) I. Elphimoff-Pelkln and H. Pelkln, Compt. rend., 
2ii-l (1951). 
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during liydrogen chloride treatraont. In the alio series. It 
may prove possible to curtail reaction time by initial use of 
larger volumes of the respective alcohols. The two series of 
ester hydrochlorides are quite stable, not hygroscopic, and 
crystallize well. 
The melting points of phenylaerine methyl, ethyl and 
propyl ester hydrochlorides were observed to be slightly 
higher than those recently reported by other workers (Table 3)»  
TliG differences may reflect greater isomeric purity. The 
"phenylserine" methyl ester hydrochloride, m.p. 185° (Table 1), 
which was obtained via condensation of glycine methyl ester 
with benzaldehydo in methanol (1), raa7/ prove to be Identical 
with allophenylserinc methyl ester hydrochloride, m.p. l80® 
(dec.). Likewise, "er^throphenylserine** ethyl ester hydro-
o 
chloride (2), m.p. 186 , seems to correspond with allophenyl-
serine ethyl ester hydrochloride, m.p. 178° (dec.). However, 
in both cases, data which would permit certain correlation 
were not provided. 
The various ester hydrochlorides in both series were 
converted to the corresponding free esters by treatment with 
armrtonia gas in ether. Yields were good, but slightly lower 
than in earlier runs v/here second crops were recovered by 
(1) E. D. Bergmann, M. Genas and H. Bendas, Compt. rend., 
231. 361 (1950). ^ 
(2) I. Eipnimoff-Welkin and H. Pelkin, Con^t. rend., 232, 
2l^l (1951). 
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concentration of filtrates. The melting points of phenyl-
serine methyl, ethyl and propyl esters checked well with 
those recently cited by other workers (Table 3)* "^he identity 
"erytlirophenylserine" ethyl oster (1), m.p, 86°, with 
alloplienylserine othyl ester, ra.p« 86"^, is ^ mcertain, due to 
laclc of information on the former substance. 
The possibility of sociarlng the respective optical 
isomers of phenylserine and allophenylserine most readily by 
oalactivo enzymatic hydrolysis of the esters attaches partic-
ular importance to this group of derivatives. Highly effec­
tive resolution procedures involving action of pancreatic 
preparations on race/nic isopropyl esters have recently been 
reported for phenylalanine (2) and for methionine (3). Once 
resolution is accomplished, it would be of interest to trans­
form both D- and L-phenylserine to optically active inter­
mediates in the chlorffiiiphenicol series of compounds, in 
order to conclusively correlate configuration of the anti­
biotic with that of natiiral amino acids. 
Since enzymatic resolution of amino acids via their 
esters involves isolation of the unchanged D-oster, and than 
its hydrolysis to the D-firnino acid, it was of interest to 
(1) I. Elphimoff-Pelkin and H. Pelkln, Compt. rend., 232, 
?J[1 (1951). —^ 
(2) K. A. J. Wretlind, J. Biol. Chem.. 186. 221 (1950). 
(3) M. Brenner. Swiss I'atent 266,63?' ~liy l6, 1950. 
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ascertain whether cold alkaline hydrolysis of phenylserlne and 
allophenylserine ester hydrochlorides was accompanied by 
appreciable epimerization. Paper ciiromatography, wlilch under 
the conditions employed v/ould have detected as little as 
0.1-0.2J.J epimerissation, showed no trace of unexpected Isomer 
in the hydrolysate from the ethyl ester hydrochloride of 
either phenylserine or allophenylserine respectively. 
Two minor features of interest were encountered in the 
course of alkaline liydrolysls experiments. Allophenylserine 
was recovered quantitatively as the hemidloxanate when 
dloxane was added to the alkaline solution of the ethyl ester 
hydrochloride just prior to final acidification, ifhen 
phenylserine ethyl ester hydrochloride residues froK the 
early acctone seijaration scheme were hydrolysed, allophenyl-
serlne corresponding to ca. of the starting material was 
demonstrated in the hydrolysate by means of paper chromato­
graphy* Tills value diecked well with an earlier estimate 
{$"10%) based on approximate solubility data. 
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V. SUMMARY 
1, The literature concerning the phenylserines was 
reviewed with respect to laethods of synthesis, chemical reac­
tions, and potential biochemical significance. The problems 
of steric configuration and heterocyclic analogues were 
considered. Apparent contradictory findings and possible 
areas for future research were indicated. 
2» The most suitable route found for phenylserine 
synthesis was that described in German patent 632,i}.2lj., by 
the directions of which benzaldehyde was condensed with 
glycine in aqueous sodium hydroxide. Advantages of the 
method are high yield, facile processing and less side 
reaction. 
3. An attempt to extend the German patent procedure to 
synthesis of p~2-furylserine was ^ successful. 
1}.. Phenylserine was converted via lithium aluminum 
hydride reduction of its esters to racemic chloramphenicol. 
A threo configuration for the hydroxyamlno acid was thus 
demonstrated. The advantage of this route to the antibiotic 
is the fact that the various Intermediates belong to a single 
steric series, 
5. It was found that, although condensation of benzal­
dehyde and glycine furnishes phenylserine as the main product, 
small amounts of a more soluble diastereomer also fom. This 
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was demonstrated when Fischer esterlfxcation of condensation 
reaction tail crops yielded a new ethyl ester liydrochloride, 
much less soluble than that of phenylserine. Cold alkaline 
hydrolysis of this ethyl ester hydrochloride produced a new 
hydroxyaraino acid, Tsfhich v/as named allophenylserlne after 
conversion of its ester to erythro intermediates in the 
chloramphenicol series had established its structural relation 
to the amino acid, aliothreonine. 
6. Phenylserine and allophenylserlne were individually 
but incompletely recovered from crude condensation products 
by making use of the inversion of their solubility relation 
observed in proceeding from the free hydroxyamino acids to 
the corresponding ethyl ester hydrochlorides. 
7. By use of a mixture containing n-butanol, aqueous 
amraonia and acetone, phenylserine and allophenylserlne were 
effectively separated on paper chromatograms. Optimum condi­
tions were established for employing paper chromatography as 
an analytical tool vTX uii these isomers, 
8. Threonine ajid allothreonine were also separated on 
paper ciiromatograms by use of the same solvent mixture. 
9« With the aid of paper chromatography, an investigation 
was made of the relation of phenylserine dlastereoraer ratio 
in the crude products to the time allowed for benzaldehyd©-* 
glycine condensation. With a one hour period, allophenylserlne 
was formed to an extent comparable to phenylserine. With 
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increasing coriGensatloii time, the alloplienylserlne level fell 
rapidly. The compound was no longer demonstrable In the 
crude product when a 2li- hour interval was used, under which 
conditions the yield of phenylssrine approached a maximum. 
Hew intemiediatea in the condensation reaction were recog­
nized, but not isolated. 
10. A reaction mechanism was offered to explain why 
phenylserine and isodiphenylhydroxyethylamine, both possessing 
a threo configuration, are the preferred products of glycine-
benzaldehyd© condensation, rather than their respective 
diastereomers. Possible applications to further research 
were suggested. 
11. Solvates of allophenylserine were prepared with water 
and with dioxane, in which the ratio of hydroxyamino acid to 
solvent is 2s 1 for both compovinds# 
12. r/ith paper cliromatographic control, isomerically pure 
phenylserine and allophenylserine were fractionated with good 
recoveries from the crude product of one hour condensation 
runs. Effective separation was based upon the finding that 
although allophenylserine is more soluble than phenylserine 
in many aqueous solvent mixtures, its dioxane adduct Is very 
poorly soluble. 
13* The decomposition temperatures of phenylserine and 
allophenylserine, as well as those of their various solvates, 
and of their mixtures, were observed to fall in the same close 
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temperature range, so that this physical property is of no 
value as a criterion of Isomeric purity. 
lij.. The hydrochlorides of phenylserine and allophenyl-
sarin© were prepared by treatment of the individual hydroxy-
amino acids with hydrogen chloride in dioxane. 
15. The methyl, ethyl, n-propyl and i-propyl ester 
hydrochlorides of phenylserine and allophenylserine were 
synthesized according to a modified Fischer method in almost 
quantitative yield, 
16. The various ester hydrochlorides v^ere transformed to 
their respective esters by treatment with ammonia in ether. 
The prospect of securin^;^ the fo\ir optically active hydroxy-
amino acids by selective enzymlc hydrolysis of the esters 
made these derivatives of interest, 
IJ, Cold alkaline hydrolysis of phenylserine and allo-
phenylserine ethyl ester hydrochlorides was shown, with the 
aid of paper ciiromatography, to proceed without epimerization. 
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